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Abstract 
Sandy beaches are geological zones parallel to the shoreline where high energy, open 
ocean unconsolidated sediments are deposited and reworked. Sandy beaches represent critical 
ecosystems that support a wide variety of underappreciated biodiversity. Prior to the 2010 
Deepwater Horizon oil spill in the Gulf of Mexico, the diversity and function of microbial 
communities in supratidal beach sediments along the Gulf of Mexico coastlines were not well 
understood. It was unclear if possible community compositional changes would occur during and 
following exposure to oil, or what impact the remediation efforts, such as sand washing, would 
have to the microbial communities and overall beach ecosystems. In this study, sites were chosen 
in late April and early May 2010 based on NOAA trajectory maps to determine where and when 
weathered oil would arrive on coastlines. Supratidal to subtidal transects perpendicular to the 
shoreline were sampled at the public beaches of Grand Isle, LA, and Dauphin Island, AL, over a 
year, including before the oil came ashore. Microbial diversity was assessed from 16S rRNA 
genes retrieved through 454 tag pyrosequencing, and changes in diversity was statistically 
analyzed in conjunction with environmental variables including grain size, organic carbon and 
water content, and pore water pH.  Pre-oil samples from both sites provided information about 
the undisturbed microbial community composition while, post-oil spill samples  provided 
information about changes in community composition impacted by abiotic and biotic factors. 
Statistical analysis for both sites showed significant shifts in microbial community composition 
that could be linked to changing sediment grain size and associated environmental variables like 
organic carbon and water content, and pH; over time, changes in community composition were 
the greatest predominately from where remediation efforts were the greatest, such as from sand 
washing. This research provides important annual information about changes in microbial 
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community composition from sandy beaches, and demonstrates that remediation efforts to clean 
beaches after an oil spill may shift the microbial community composition from what the earlier 
diversity might have been. The impact of remediation should be considered for future beach 
cleanup efforts.
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Chapter 1: Background and Thesis Objectives 
Sandy Beaches  
The term sandy beach describes the geological area parallel to the shoreline that gently 
slopes from back-beach dune features to the ocean water, and where high energy, open ocean 
unconsolidated sediments are deposited and reworked (McLachlan and Erasmus, 1983). In most 
coastal systems, sandy beaches are highly dynamic buffer zones where the atmosphere, 
continents, and the oceans interact (Podgorska and Mudryk, 2007). Sandy beaches dominate the 
world’s open coastlines, covering about 70% of continental shelves (Schlacher et al., 2007).  
Sandy beaches are not just piles of sand, valued only by society for recreational tourism 
and fishing economies (Gopalakrishnan et al., 2011). They are an important part of coastal 
ecosystems because they support a wide range of under-appreciated biodiversity (Schlacher et 
al., 2007). In the past, sandy beaches were considered to be geochemical deserts that harbored no 
life because sand is usually poor in organic matter and other reactive substances to support 
biological processes (Boudreau et al., 2001). But, coastal sands filter and accumulate both 
organic and inorganic materials from the terrestrial and marine environments, which results in 
the formation of many types of microbial niches that could serve as the foci for global 
biogeochemical cycles of carbon and other nutrients (Gobet et al., 2011; Kostka et al., 2011).  
Recently, microbial communities in subtidal sands have been found to play a significant role in 
energy flow and organic matter turnover, with up to 70% of organic matter reaching the beach 
being mineralized by bacteria (Podgorska and Mudryk, 2007). The diversity and microbial 
processes of supratidal sandy beach regions, especially associated with the zones of the beach 
from the dune and foredune to the open slope and berm, have been poorly studied. 
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The Oil Spill Caused by the Deepwater Horizon Explosion and Macondo Well Blowout  
The most frequently encountered pollutants in sedimentary habitats are petroleum 
hydrocarbons, brought about by the increased usage of petroleum products globally (Labud et al., 
2007). With increased use, the frequency and magnitude of transportation to distribute petroleum 
result in an increased probability of environmental accidents (Gundlach and Hayes, 1978; Labud 
et al., 2007, Berthe-Corti and Nachtkamp, 2010). Hydrocarbons entering any ecosystem can 
completely disturb the natural balance of biogeochemical cycles because hydrocarbons are very 
toxic to plants, animals (Rowland et al., 2000), and even microorganisms (Labud et al., 2007). 
The 2010 oil spill in the Gulf of Mexico caused by the Deepwater Horizon platform explosion 
and, failure of the Macondo 252 (MC252) oil well affected beaches from Texas to Florida. In 
sandy beach ecosystems previously affected by oil spills around the world, such as in Spain (e.g., 
de la Huz et al., 2005; Alonso-Gutierrez et al., 2009), negative impacts to plant, animal, bird, and 
even microbial communities living on and in the beaches have been demonstrated (Urriza and 
Duran, 2010). 
Deepwater Horizon drilled the deepest oil well in the world, at 35,055 feet depth at the 
Macondo Prospect in the Gulf of Mexico (Bowman, 2010). The MC252 well failed on April 20
th
, 
2010, and by June 10
th
, oil gushed at a rate of approximately 40,000 barrels per day (Bowman, 
2010, Urriza and Duran, 2010). The well was capped on July 15
th
, 2010, finally containing the 
spill and release of new oil into the Gulf (Rosenbauer et al., 2010). In total, approximately 
780,000 m
3
 of Sweet Louisiana Crude and 205,000 mT of methane were released in the Gulf of 
Mexico over the 85 days (Graham et al., 2010). According to general calculations, ~25% of the 
crude oil was recovered or burned at sea, while the remaining 75% was left to be degraded, 
either naturally in the water column or with the aid of chemical dispersants (Graham et al., 
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2010). At the time of the active spill, NOAA model projections based on historical wind and 
ocean currents projected that there was between 80 to100% probability of more surface oil from 
the Deepwater Horizon spill making landfall, and that there was a ~40-60% chance that oil and 
dispersants would affect a significant portion of the Gulf coast (Bowman, 2010). 
Given such a highly ominous forecast, assessment of the environmental and public health 
effects to ocean and coastal communities was difficult (Hazen et al., 2010), as complicated 
models attempted to determine where oil and weathered oil would end up. One of the primary 
reasons for the difficulty was that the viscosity of the oil changes as a function of the distribution 
and constantly changing composition of the oil due to weathering processes. Consequently, there 
was uneven, heterogeneous distribution of oil in the open water and of the weathered oil that 
eventually made it onshore. Once washed into the coastal marshes and onto the sandy beaches, 
there were slow but adverse ecological and economic consequences to Louisiana, Alabama, and 
Florida (Kostka et al., 2011).  
According to the NOAA predicted trajectories of oil slick movement (Figure 1.1 and 
Figure 1.2), both Grand Isle, Louisiana, and Dauphin Island, Alabama, were considered to be 
sites where oil could impact the shoreline. The sandy beaches on these islands are important 
from both economic and scientific perspectives. Because of the relative ease of access, the 
beaches on these islands were targeted as part of this thesis research because the sites could be 
continuously sampled. My research started in May 2010, and the sites were also sampled by 
other research groups (Rosenbauer et al., 2010). With respect to the locations of the two sites 
throughout the oil spill, by July 2010 both sites were within the mapped extent of the oil 
determined by NASA/MODIS (Figure 1.3). The actual impact maps (Figure 1.4) confirmed the 
additional oiling.
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Figure 1.1: An example of the NOAA trajectory maps of oil slick movement in the Gulf of Mexico, as of April 27, 2010, to May 2, 
2010 (http://www.birderslounge.com/wp-content/uploads/2010/05/noaa-oil-map-800px-600x454.jpg). 
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Figure 1.2: An example of the NOAA trajectory maps of the oil slick in the Gulf of Mexico, as of May 2, 2010,  to May 6, 2010 
(http://www.flickr.com/photos/skytruth/4587260815/ in/photostream/).
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Figure 1.3: NASA satellite image showing sampling locations of Grand Isle, Louisiana and 
Dauphin Island, Alabama, with the corresponding extent of oil from the MC252 spill as of May 
22, 2010. Image acquired by NASA/MODIS (Terra) (http://www.flickr.com/photos/skytruth/ 
4636254841/in/photostream/).     
 
 
Figure 1.4: An example of the NOAA forecast map highlighting the predicted or known 
locations of oil on July 5, 2010 (http://www.srh.noaa.gov/key/?n=deepwaterspill). 
distribution and intensity of oil along the Gulf coast, as well as continued effort to predict  
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A significant effort was made on behalf of BP, coastal state agencies, and the US EPA to 
recover oil along the coastlines using clean-up techniques, such as manual collection of tar balls 
and disposal, complete removal of contaminated sand, and in situ sand washing (Owens et al., 
2011). But, possible incorporation of oil and weathered oil into soil/sand layers, as well as burial 
of contaminated horizons, was possible and suspected over time. When buried, the oil would 
degrade microbially more slowly because anaerobic hydrocarbon degradation is much slower 
kinetically than aerobic degradation (Berthe-Corti and Nachtkamp, 2010). Contaminants and 
hydrocarbons serve as organic carbon sources, which can cause an enrichment of oil-degrading 
microbial populations in contaminated ecosystems (Labud et al., 2007). Therefore, to know if 
buried oil on the beaches would naturally degrade over time, there was a need to know what the 
types of microbial communities were in the sediments. But, with no knowledge of the types of 
microbes living in sandy beaches, determining degradation potential was nearly impossible and 
this forced the extensive remediation efforts to remove the highly weathered oil.  
There had been several studies of microbial community composition of subtidal beach 
sediments. According to Kostka et al. (2011), subtidal marine sands along the Gulf coast are 
dominated by biofilms of highly diverse microbial communities, and the abundance of bacterial 
communities exceeds that of overlaying seawater by several orders of magnitude. Bacterial 
communities present in marine/coastal environments that had been previously studied were also 
found to contain hydrocarbon-degrading communities (Leahy and Colwell, 1990). Therefore, 
biodegradation, at least subtidally, would be a mechanism for hydrocarbon removal (Kostka et 
al., 2011), similar to the types of biodegradation prevalent in the open water after the oil spill 
(Hazen et al., 2010). 
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Research Objectives 
The main goal of my thesis research was to characterize and compare the microbial 
communities from two sandy beach systems that were impacted by the Deepwater Horizon oil 
spill in 2010 and also impacted by the cleanup efforts used to remediate contamination to 
potentially sensitive ecosystems. Previous research on disturbance considers that environmental 
stress, including exposure to chemical pollutants like crude oil, should decrease microbial 
diversity (Atlas et al., 1991; Juck et al., 2000). The hypothesis tested in this thesis corresponded 
to previous work that diversity of sandy beach microbial communities would decrease in time 
due to stress and disturbance in the habitat, but in the short-term, microbial diversity should 
increase due to the expansion of new niches and metabolic substrate offered by weathered oil or 
remediation efforts that would expose communities to different environmental conditions. The 
relative timing of long- and short-term periods would depend on the amount of time the 
communities were disturbed. Nutrient depletion could result from the increased microbial 
abundances that may exceed the capacity of the environment, or because of confounding 
disturbances, like sand washing, that would strip sediments of essential nutrients. To test the 
hypotheses, I evaluated the natural bacterial communities associated with non-disturbed (prior to 
the oil spill) and disturbed sediments (after the oil spill) over time from beach transects that 
included oiled and disturbed, and unoiled and undisturbed sites. My research objectives were to:  
(1) characterize sediment geochemistry and physicochemistry, including grain size, organic 
carbon content, and pore water pH. The geochemical and physicochemical information will 
provide information about the sediment (i.e. niche) environmental conditions that might 
correlate to changes in microbial community composition and community structure over 
time; and  
  9 
 
 
(2) evaluate the bacterial diversity from 454 tag pyrosequencing of 16S rRNA gene sequences 
from genomic DNA extracted from environmental samples.  
Assessing the diversity of 16S rRNA gene sequences is a method that has been adopted by 
numerous research groups in order to understand disturbance effects, either natural or 
anthropogenic, on the diversity and structure of different microbial communities in varied 
disturbed environmental conditions (Roesch et al., 2007; Gobet et al., 2011). Pyrosequencing, as 
a specific method that deeply sequences 16S rRNA genes from a sample, is a method that has 
been used to evaluate changes in the microbial communities from the marine waters impacted by 
the Deepwater Horizon oil spill (Hazen et al., 2010, Kostka et al., 2011).  
Significance of Research and Implications 
Sandy beaches have the potential to have diverse and rich ecosystems (Alongi, 1998; 
Schlacher et al., 2007), but there has been limited investigations focusing on understanding the 
microbial component of these ecosystems. Although hydrocarbon-degrading microbes are likely 
ubiquitous in marine environments, and previous oil spill studies show that biodegradation is 
successful in remediating oil contamination of marine sediments (Kostka et al., 2011), very little 
is known about the microbial communities present in the Gulf coast sandy beach ecosystems, 
and of the environmental parameters that may control microbial hydrocarbon degradation 
activities (Kostka et al., 2011). Thus, being able to contribute to a better understanding of the 
impacts of hydrocarbon contamination on indigenous, sandy beach microbial communities is a 
very important implication of the research, but was not the focus of the thesis. The results, 
however, should provide insight into what future clean-up or remediation methods may be taken 
if another Gulf of Mexico oil spill were to occur.  
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This interdisciplinary research incorporates approaches from geochemistry and 
microbiology to assess the influence(s) of the oil spill, caused by the failure of the MC252 well 
in the Gulf of Mexico, on the microbial communities present in the supratidal coastal sandy 
beaches. Unique to my research, compared to most of the studies in the past that have been done 
on strictly post-oil spill microbial communities and situations (e.g., Leahy and Colwell, 1990; 
Sakaguchi et al., 1997; Alonso-Gutiérrez et al., 2009) or even studies conducted after the 
Deepwater Horizon oil spill (Binachi et al., 2011, Horel et al., 2012), my research includes pre-
oil spill samples. These pre-oil spill results by themselves provide information about poorly 
studied habitats and locations where prior microbiology studies have not been conducted. 
Knowing about the microbes will contribute to better strategies to restore ecosystems after 
disturbances to beaches. But, the results from my research will also be useful to beach managers 
when they consider remediating beaches to a pristine state, such as from adding sand (i.e. beach 
nourishment), sand washing, or moving sand around the beaches. These activities could shift the 
microbial communities in the sands and impact the higher trophic levels of the ecosystem 
through time because microbial functional diversity could change.  
Thesis Organization 
 The thesis is organized into three chapters, with the largest chapter being Chapter 2 that 
describes sampling and analytical methods, the physicochemistry of the sands, microbial 
diversity from the sands, and statistical comparisons and combined evaluation results. Results are 
discussed from dune to near water longitudinal transects from Grand Isle, LA, and Dauphin 
Island, AL, following the Deepwater Horizon oil spill. Chapter 3 is the traditional Discussion 
section that summarizes the interpreted reasons and/or factors (abiotic and biotic) that could be 
responsible for the differences in beach microbial community compositions through time.  
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Chapter 2: Characterization of the Physicochemistry and Microbiology of the 
Sandy Beaches on Grand Isle, Louisiana, and Dauphin Island, Alabama 
 
Introduction 
Sandy beaches are important parts of coastal ecosystems. At present, and especially at the 
time of the Deepwater Horizon oil spill, knowledge of the microbiology of shallow marine, 
nearshore, marsh, and beach microbial communities along the Gulf of Mexico coastline was 
extremely limited. Most of the microbiology research that had been done on sandy beaches was 
from South Florida, and from the subtidal zone (e.g., Atlas, 1981; Findlay et al, 1990; Delille and 
Delille, 2000; Hunter et al., 2006; Foght, 2008; Mills et al., 2008). The Deepwater Horizon oil 
spill provided an opportunity to increase our understanding about the microbial composition of 
different sandy beach environments, such as dunes and open beach, subaerial and supratidal 
zones. The main goal of my thesis research was to characterize and compare the microbial 
communities from two sandy beach systems that were impacted by the oil spill, and by the 
cleanup efforts used to remediate hydrocarbon contamination to the potentially sensitive 
ecosystems. I characterized the sediments and used molecular methods, particularly 454 tag 
pyrosequencing, to obtain 16S rRNA genes from the sediments. I used computer programs to 
determine the microbial diversity of the sediments, as well as to compare the sites to each other 
and to conduct statistical analyses of the genetic results compared to physical and geochemical 
data. The results provide a better understanding about the nature and extent of microbial 
communities in sandy beaches, as well as the potential to the communities to respond to 
disturbance.   
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Materials and Methods 
Research Sampling Locations and Sampling Protocol 
Because sandy sediments are constantly affected by biotic (e.g., bioturbation) and abiotic 
disturbances (e.g., mixing by currents, seasonal and temperature fluctuation, anoxia) (Gobet et 
al., 2011), the assumption was that the sandy beaches would be subjected to natural processes, in 
addition to the anthropogenic disturbances, such as sand washing, that occurred as a result of the 
oil spill (Figure 2.1). Thus, in order to take into account these disturbances, samples were 
collected over a course of one year. Sample collection started in May 2010, and continued 
approximately every three months, until May 2011. Sampling in May 2010 was meant to provide 
the background conditions and microbial communities in which to compare potential shifts in the 
microbial community structure after the oil spill.  
At each of the beaches on Grand Isle, Louisiana, and Dauphin Island, Alabama, sediment 
samples were collected in triplicate along transects from the water zone (ocean), along the near-
water, foreshore, backshore,  the beach slope, berm zone, foredune, and within the dune field, at 
three different depths, including surface (denoted as sample ‘A’ for a particular site), 5 cm below 
surface (denoted as sample ‘B’), and 20 cm below surface (denoted as sample ‘C’) (Figure 2.2). 
All samples were stored at 4ºC for transport, and then stored at -20ºC.  
 
Figure 2.1:The public beach at 
Dauphin Island, Alabama, in 
December, 2010, showing tracks of 
sand washers and clean-up crew 
ATVs and trucks. 
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 Grand Isle is one of the Gulf of Mexico’s barrier islands about 80.5 km from New 
Orleans. It has a unique combination of marshland and coastal landscapes. Grand Isle extends 
about 12.07 km in the northeast to southwest direction and it is ~1.21 km wide in the center 
(Kohdrata, 2004). According to Conatser (1971), the island is entirely composed of terrigenous 
sediments, with the surface sediments being fine to very-fine grained sand composed of some silt 
and some clay. Basically the island is composed of quartz with 18.7% feldspar (Conatser, 1971). 
The island is susceptible to wave erosion, overwash, long shore drift, flooding, flood scour, wind 
damage, and sand movement due to the atmospheric and oceanographic energy, including 
hurricanes, storm surge, storm waves, and winter storms (Kohdrata, 2004). Samples for this 
thesis were taken from the unmanaged end of the island, within the Grand Isle State Park (Figure 
2.3). After the oil spill, and once oil and tar balls started to wash up on the beaches in early June 
2010 (Figure 2.4), we were restricted from sampling this part of the beach until after January 
2011, when the beach was remediated by physical removal of hydrocarbon contamination, first 
manually and then with large equipment, as well as later by sand washing (Figure 4C
Figure 2.2: Sampling from 5 cm depth 
(white arrow) after sampling the 
surface and before taking a sample 
from 20 cm depth, at Grand Isle, 
Louisiana, in May 2011. 
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Figure 2.3: Close-up satellite image of sampling locations on Grand Isle, Louisiana. Each sampling transect, which was roughly 
perpendicular to the coastline, is shown in different colors including May 2010 samples in light green, August 2010 samples in dark 
green, and May 2011 samples in orange. The base image was acquired from GoogleEarth. Scale bar is 200ft. 
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A Figure 2.4: Grand Isle, Louisiana, 
where (A) a hard, tar ball pavement 
formed on the surface of the sandy 
beach, August 2010. Tar balls were not 
evenly distributed, but where they 
were encountered, the coverage was 
extensive. (B) At 10 cm depth, oil was 
encountered in the sands, August 
2010; the hole is ~20 cm across. (C) 
Clean-up efforts on the beach (pictured 
here from December 2010) involved 
removing sand from the top 50 – 100 
cm depth (or more) and washing the 
sand in large sand washer machines, 
then redistributing the washed sand 
onto the beach, first piled then spread 
with equipment. 
 
B 
C 
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           Dauphin Island is ~25 km long and is also one of the barrier islands of the Gulf of 
Mexico. The sands on Dauphin Island are composed of predominately fine- to medium-sized 
quartz grains (Palacas et al., 1976; Douglass, 1994), because the eastern side of Dauphin Island 
lies inside Mobile Bay pass inlet where beaches are bypassed by updrift littoral drift (Douglass, 
1994). Samples for this thesis were collected from the public beach on the south side of the 
island (Figure 2.5 and Figure 2.6A). Samples were taken twice in month June 2010 (early and 
late) to provide some idea of the potential variations at a location over time, and possible 
differences in community structure due to natural processes. The beaches received slight oiling 
with tar balls, starting the beginning of June 2010 through December 2010. Tar balls were 
physically removed by crews, as well as from sand washing, but some remained just a few cm 
beneath the surface of the sand, especially in the swash and beach berm zones (Figure 2.6B). 
Large piles of sand were moved on the island on the public beach to protect dune and back-dune 
areas, with the sand being taken from other parts of the beach. These large pits that were dug into 
the open beach for the sand piles, berms, and sand-box booms offshore, created lakes on the 
beach slope area that persisted from December 2010 to May 2011, when the study ended. 
Complete restructuring of the beach is one reason why the sample transects did not overlap with 
each other from 2010 to 2011 (Figure 2.5, sample transects in 2010 are in blue, yellow, and 
green, and the 2011 sample transect is in orange).
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Figure 2.5: Close-up satellite image of sampling locations on Dauphin Island, Alabama, sampling locations. Each transect 
perpendicular to the beach is shown in different color including May 2010 in yellow, June 2010 in light green, Late June (early 
August) 2010 in dark green, December 2010 in blue and May 2010 in orange. The base map of this image was acquired from 
GoogleEarth. Scale bar is 350ft.
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  A 
B 
C 
Figure 2.6: Dauphin Island where (A) 
a visible crew worked around the clock 
on the public beaches, from June 1, 
2010, through December 2010, to 
physically pick up tar balls from the 
sand. (B) Tar balls were not unevenly 
distributed, but clearly not all were 
removed, as tar balls were uncovered 
only a few centimeters beneath the 
surface in the sand where they were 
encountered, August 2010. (C) 
Sampling the dune in May 2011 on the 
public beach, and after all of the 
cleanup crews were gone. 
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Physicochemical Parameters 
To understand the distribution and diversity of the microbial communities in the 
sediments, physicochemical parameters of the sediments were measured for all samples. These 
physicochemical parameters included (1) total water and organic carbon content, (2) pore water 
pH, and (3) grain size characterization. 
Total Water Content and Organic Carbon Content 
The total water and organic carbon contents of the sediment samples were obtained by 
modifying the loss on ignition (LOI) method described by Heiri et al. (2001). Briefly, each 
sediment sample was separated into triplicate aliquots and weighed separately. All aliquots were 
incubated at ~80-90°C for 24-48 hours, depending on the hydration level (e.g., saturated, slightly 
wet, dry). This initial incubation period, and the difference in weight between the original sample 
and the dried sample, was the average water content. The dried samples were further combusted 
at 510°C for 2.5 hours. The weight difference between the dry and the LOI combusted material 
was considered to be the average total organic carbon (TOC) content. 
Sediment pH 
Sediment samples, especially from the dune slopes and dune fields, were very dry and it 
was not possible to get in situ pH measurements. Therefore, in order to get an estimate of 
sediment pH, based on the soluble salt content of the sediments, 5 g of fresh sample was mixed 
with 5 ml of 18 MΩ distilled and deionized water, and then subjected to shaking for 30 minutes 
using a Wrist Action Shaker,  Model 75. All measurements were completed using an Accumet 
XL125 Dual Channel pH/Ion Meter (APHA, 1998).  
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Grain Size Characterization 
Grain sizes were determined for all the samples after TOC measurements. Grain sizes 
were determined using a mechanical Geotech Sand Shaker with multiple sieves. Five different 
sieve sizes for sand through silt were used, including 0.508 mm (phi size, φ, 1.0), 0.381 mm (φ 
1.75), 0.2286 mm (φ 2.0), 0.1397 mm (φ 2.75), and 0.11684 mm (φ 3.0). Extremely large 
cobbles were removed from the largest size sieve, and clay material was combined with the 
smallest sieve size class. 
Molecular Methods 
DNA Extraction  
Each site had three samples taken per depth to represent triplicate samples per site. Total 
environmental DNA extraction of all samples was done using methods modified from the 
PurGene DNA extraction kits and using methods modified for small samples using approaches 
originally described in Somerville et al. (1989) and Zhou et al. (1996). For each of the samples, 
~5g of sediment were placed in freshly made sucrose lysis buffer (SLB) with lysozyme (1 
mg/ml), prior to harshly vortexing the samples for 2-5 minutes before incubating at 37 
o
C for 1 
hour in a waterbath. The samples were cooled to room temperature, and gently mixed with a 
solution of 5X proteinase K/CTAB/SDS. Sediment slurries were incubated at 55º C overnight 
while shaking at 100 rpm. The supernatant was transferred to clean tubes and mixed with 10M 
ammonium acetate for protein precipitation. After centrifugation at the highest speed, the 
supernatant was transferred to another set of clean tubes containing 100% isopropanol. Because 
of low biomass in the sandy sediments overall (estimated from the TOC content and based on 
other research, (e.g. Schlacher et al., 2007), DNA precipitation was done overnight at -20°C. 
Pellets were produced by centrifugation the next day, and the pellets were washed with ethanol 
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prior to resuspension in Tris-EDTA (TE) buffer. Extractions were stored at -20ºC. The 
concentration (ng/µl) and purity of extracted nucleic acids were determined by 
spectrophotometry (NanoDrop ND1000) and by TBE agarose gel electrophoresis with ethidium 
bromide staining.  
PCR Amplification 
16S rRNA gene sequences were PCR amplified from the extracted DNA for each of the 
triplicate samples using the universal bacterial primer pair 8F (5’ 
AGAGTTTGATCCTGGCTCAG – 3’) and 1510R (5’ – GGTTACCTTGTTACGACTT – 3’). 
Amplification was done using a MJ Research Dyad Disciple thermal cycler for 30 cycles with 
following conditions: (1) denaturation at 94ºC for 60 seconds, (2) primer annealing at 47ºC for 
60 seconds, and (3) chain extension at 72ºC for 90 seconds. Amplified PCR products were then 
analyzed by gel electrophoresis using TBE agarose gels  with ethidium bromide staining to 
verify amplification of the correct size fragments for each of the samples. Depending on the 
results from the gel electrophoresis, original DNA extractions for samples having clean and 
accurate amplifications (i.e. one fragment instead of multiple bands) were pooled in equal 
concentrations for 454 tag pyrosequencing, which was performed at Research and Testing 
Laboratory (RTL), Lubbock TX.  
454 Tag Pyrosequencing  
Pyrosequencing is a DNA sequencing technology based on the sequencing-by-synthesis 
principle (Ahmadian et al., 2006). It is a next-generation sequencing method that simultaneously 
produces thousands of sequences from several samples. This deep sequencing allows for the 
identification of numerically minor and/or rare species within a microbial community and also 
provides a greater level of microbial diversity as compared to other sequencing methods (Kumar 
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et al., 2011).  The tag pyrosequencing strategy used in this thesis was based on the V1-V3 
hypervariable region of 16S rRNA of E. coli, with variations in the sequence representing 
variations in individual phylotypes, which are classified as operational taxonomic units (OTUs) 
(Huber et al., 2007). Figure 2.7 summarizes the next-generation pyrosequencing process used to 
obtain sequence data in my thesis. The RTL uses a Roche 454 FLX genome sequencer system. In 
this method, a library of template DNA is prepared by fragmentation. These fragments are end-
paired and ligated to adapter nucleotides, followed by the fragment library being diluted to 
single-molecule concentrations, denatured, and hybridized to individual beads containing 
sequences complementary to adapter oligonucleotides (Voelkerding et al., 2009). The library 
 
Figure 2.7: A schematic of the Roche 454 GS FLX sequencing process, whereby template DNA 
is fragmented, end-repaired, ligated to adapters, and clonally amplified by emulsion PCR. After 
amplification, the beads are deposited into picotiter-plate wells with sequencing enzymes. 
Modified after Voelkerding et al. (2009). 
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is then subjected to emulsification in a PCR mixture in oil (water-in-oil) where clonal expansion 
of single DNA molecules bound to beads occurs to produce about 10 million copies of one 
original DNA molecule (e.g., Voelkerding et al., 2009, Peressutti et al., 2010). The emulsion 
process is disrupted after amplification and clonally amplified DNA copies are enriched. Beads 
are then separated by limiting dilution and the clones containing DNA are deposited into 
individual picotiter-plates and combined with sequence enzymes. This plate is then loaded on the 
454 FLX genome sequencer for pyrosequencing by successive flow addition of the four dNTPs.  
Sequence Analysis  
Assemblages of diverse 16S rRNA gene sequences obtained from pyrosequencing have 
been used previously to describe and compare complex microbial communities in natural and 
disturbed environments (e.g., Schloss, 2008, Amend et al., 2010). I made comparisons of the 
relative abundances of major taxonomic groups to evaluate changes in the overall microbial 
community through time on the sandy beaches. This was done in order to evaluate if potential 
changes in community composition could be attributed to natural or anthropogenic disturbances.  
Pyrosequences were trimmed and aligned using the Ribosomal Database Project (RDP) 
version 10 (http://rdp.cme.msu.edu/) (Cole et al., 2009). Based on the quality scores, 
pyrosequences were trimmed to a minimum length of greater than or equal to 170 bp after 
removing primers, and were evaluated with the maximum edit distance for forward primers to 2, 
the number of ambiguous codons (N’s) set to 0, and the minimum quality score for each 
pyrosequence set to 20. Trimmed sequences were aligned using RDP’s Infernal Secondary 
Structure Aware Aligner for higher quality and faster alignments (Cole et al., 2009). Taxonomic 
classifications were performed after filtering, screening, and removing pyrosequences that were 
considered to be chimera. For taxonomic analyses, pyrosequence reads were compared to the 
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reference database of known 16S rRNA genes and classified according to the RDP Classifier 
using the mothur computer program (Schloss et al., 2009). Confidence levels for taxonomic 
classification were set to 80%.  
It is difficult to describe microbial diversity on the basis of species because many 
microbes have not been cultured. Moreover, pyrosequence lengths are too short to obtain high-
resolution phylogenetic classifications. Consequently, to understand changes in community 
composition and diversity, pyrosequences were clustered into operational taxonomic units 
(OTUs) as the basic unit of diversity for comparisons. Unique pyrosequences were clustered 
using the furthest neighbor algorithm in mothur from a Phylip distance matrix to obtain OTUs at 
96% (0.04) sequence identity (Schloss et al., 2009). The number species or microorganisms 
present in a sample at any taxonomic level is strongly affected by the number of sequences 
analyzed (Schloss and Handelsman, 2006; Roesch et al., 2007).  To know whether the sampling 
efforts were sufficient, and to assess overall taxonomic diversity and richness, rarefaction curves 
were constructed for OTUs at 96% sequence identity for each transect regardless of depth. 
Comparative Statistical Analysis 
Various estimators of diversity and sample coverage are available (Hill et al., 2003). The 
non-parametric estimators of OTU richness and diversity for this study were calculated using 
mothur, including Chao1, Shannon Diversity, and Simpson’s Dominance indices (Schloss et al., 
2009). The Chao1 index estimates richness, and should approximate the value obtained for OTU 
diversity if sampling coverage for a sample is saturated (i.e. high). Shannon and Simpson’s 
indices estimate true OTU richness by taking into consideration the population/community 
structure (Roesch et al., 2007). The Shannon Diversity index provides an estimate of evenness, 
with numbers close to 0 representing the lowest evenness. The Simpson’s Dominance index 
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estimates if a sample has uneven distribution, and dominant groups, and values that approach 1 
indicate high dominance. A mean value of each index was used for comparisons.  
The PAST program (http://folk.uio.no/ohammer/past/) (Hammer et al., 2001) was used to 
perform canonical correspondence analysis (CCA) to interpret possible controls on changing 
microbial diversity through time because it provided an appropriate constrained ordination of the 
abundance data for microbial groups based on their ecology (Anderson and Willis, 2003; 
Ramatte, 2007).  The CCA computational approach was based upon correspondence analysis 
(CA), which is an indirect gradient analysis (ordination) technique (Palmer, 1993). Both CA and 
CCA were performed separately for each transect from both Grand Isle and Dauphin Island to 
understand whether or not the environmental variables used in CCA would be sufficient to 
explain the distribution of microbial community composition. Comparisons were done by 
comparing the eigenvalues generated by both analyses. 5 and 8 environmental variables were 
used depending on the correlations and analyses for each of the samples, including sampling 
time, depth, pH, grain size, average percent TOC, and average percent water content. The length 
of an environmental variable line for the CCA was interpreted to explain the extent of change in 
the bacterial community distribution due to that variable, and the orientation of the line relative 
to the other variables and abundance data represents the gradient of the variable within the entire 
dataset (Bertics and Ziebis, 2008). The proximity of the environmental variable lines to an axis 
relates to the strength of the correlation between that variable and the axis (Bertics and Ziebis, 
2008). The eigenvalues generated by CCA for each axis provided information regarding the 
amount of variation that can be observed in the phylogenetic data. The r (-1< r < +1) values 
generated by CCA indicate how strongly (positively or negatively) an environmental variable 
correlates with axes. The P-values generated by CCA permutation tests explain whether or not 
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the environmental variable is statistically significant. The universally used threshold is P < 0.05, 
implying results are statistically significant and vice versa.  
Results 
Physicochemical Parameters 
Water Content, Organic Carbon Content, and pH  
Water content, TOC content, and pH were determined for all samples (Appendix A). 
Representative results are shown in Tables 2.1 and 2.2 for Grand Isle and Dauphin Island, 
respectively. The average water content from the sediments increased from the dune sampling 
sites to the site nearest to the ocean (‘near-water’). Both beach transects also had increases in 
average water content with increasing sampling depth, no matter the sample site location. 
For Grand Isle (Table 2.1, Appendix A), TOC content was higher at the surface in May 
and August 2010 samples, and the dune site had slightly higher TOC content compared to the  
near-water site for all sample times. Both dune and near-water samples had sediment water pH 
ranges between 7 and 9, with limited variability. The May 2011 sampling time yielded 
consistently lower pH values, no matter the location. 
For Dauphin Island (Table 2.2, Appendix A), the deeper samples from any sampling 
location had higher water content. pH values varied from ~6 to 8, with lower values overall 
compared to Grand Isle samples, especially for open beach samples. TOC content from all sites 
at Dauphin Island were also lower than Grand Isle samples. The open beach sampling sites were 
separated into foreshore and back shore because of the lengths of the transects compared to 
Grand Isle. These sites were also more heavily impacted by oil spill remediation efforts and 
vehicle traffic.  
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Table 2.1: Values for average water content, TOC content, and pH for all sample depths at each 
of the dune, open beach, and near-water Grand Isle sample sites. Ranges are for all depths. 
 
 
Table 2.2: Values for average percent water content, TOC content, and pH for all sample depths 
at each of the dune, open beach, and near-water Dauphin Island samples. Ranges given are the 
averages for all depths. 
 
Sample Site Sample # Time Average % Water Average %Carbon Average pH
18 May-10 2.5 - 4.5 0.25 - 0.8 8.3 - 8.6
39 Aug-10 13 0.17 - 0.25 7.9 - 8.3
73 May-11 0.04 - 0.21 0.32 - 0.36 7.1 - 7.5
20 May-10 17.26 - 21.88 0.37 - 0.46 7.33 - 7.57
42 Aug-10 14.29 - 16.58 0.2 - 0.82 7.89 - 8.18
76 9.85 - 13.92 0.26 - 0.79 7.44 - 7.7
77 11.82 - 16.07 0.568 - 1.513 7.8 - 7.68
78 6.08 - 15.1 0.3 - 1.141 7.33 - 7.81
21 May-10 16 0.4 7.6
43 Aug-10 17 0.3 7.9
79 May-11 10.98 - 22.61 0.2 - 0.25 7 - 7.2
May-11
Dune
Near Water
Open Beach
Sample Site Sample # Time Average % Water Average %Carbon Average pH
3 May-10 2.86 0.03 8.22
23 Jun-10 2.1 - 4.9 0.03 - 0.2 6.7 - 8.4
30 Aug-10 0.9 - 6.5 0.03 7.3 - 7.65
53 Dec-10 0.05 - 2.2 0.01 - 0.05 7.1 - 7.4
58 May-11 0.04 - 12 0.02 6.8 - 7
6 May-10 12.63 0.04 6.08
24/25 Jun-10 0.07 - 7.25 0.014 - 0.042 6.37 - 8.55
48 Dec-10 2.62 - 5.81 0.06 - 0.4 8.07 - 9.03
60/62 May-11 0.06 - 15.09 0.026 - 0.11 6.37 - 8.62
26/27 May-10 0.02 - 4.51 0.012 - 0.035 7.41 - 9.04
33 Aug-10 2.52 - 4.88 0.1 - 0.18 6.69 - 7.85
49/50 Dec-10 0.04 - 6.97 0.04 - 0.1 6.8 - 7.92
67 May-11 5.95 - 11.1 0.052 - 0.071 7.26 - 8.09
7 May-10 6.64 0.11 6.26
28 Jun-10 9.1 - 16 0.11 7.9 - 8.4
34 Aug-10 0.3 - 15 0.05 - 0.3 6.5 - 7
51/52 Dec-10 16 - 18 0.07 - 0.13 7.4 - 7.8
68 May-11 14.4 - 20.75 0.095 7.34 - 7.75
68 TAR May-11 6.33 6.772 7.41
Dune
Near Water
Open Beach 
(Back Shore)
Open Beach 
(Fore Shore)
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Grain Size 
The grain size distribution for all of the beach sand samples was done to evaluate changes 
in sediment size with depth, or over time due to storm overwash or if there was sediment size 
redistribution as a result of sand washing. Full distribution results are in Appendix A.  For the 
Grand Isle samples (Figure 2.8), overall the sand was classified as moderately well-sorted, and 
medium grained. The mode, or most frequent size class, of May 2010 samples was φ 2.0 
(68.15% ±13.47%), with a minor contribution from the φ 1.75 size fraction (14.81% ±16.31). 
The August 2010 samples had an increased amount of φ 2.0 (76.41% ±11.37%), with less than 
~2% for the other size ranges for all of the sample locations. The dune site had the most change 
in distribution for August 2010. The φ 1.75 grain size percentage in May 2011 samples 
decreased (59.67% ±13.24%) and the φ 2.0 grain size increased (26.89% ±13.16%). The open 
beach and near-water sites had the most change in the mode between August 2010 and May 
2011, with the open beach having a more poorly sorted grain size distribution.  
In contrast, Dauphin Island samples (Figure 2.9) had grain size distributions among three 
largest grain size classes with almost no fines, being classified overall as moderately-sorted, 
medium-grained to course-grained sand. The mode was the φ 1.75 grain size overall (64.63% 
±8.27%). For the most part, the dune grain size distributions did not change from May-June 2010 
to May 2011, but the open beach foreshore and near-water locations both had changes in the 
abundance of the largest sizes (especially the φ 1.0 class). The foreshore site had a decrease in φ 
size from August to December 2010, and the near-shore had an increase in size (Figure 2.9).   
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Figure 2.8: Histograms of grain size distributions for representative Grand Isle sampling sites 
(listed in Table 2.1), separated by sampling time and relative location along the transect from 
dune to near-water. Sample depths for each sample site were averaged. 
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Figure 2.9: Histograms of 
grain size distributions for 
representative Dauphin Isle 
sampling sites (listed in Table 
2.2), separated by sampling 
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along the transect from dune 
to near-water. Sample depths 
for each sample site were 
averaged. 
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Community Diversity Estimators  
In total, 877,438 rRNA gene pyrosequences were retrieved from the sand samples from 
three transects at Grand Isle and five transects from Dauphin Island (Table 2.3). Approximately 
33.5% of the pyrosequences were trimmed from the total raw sequences, thus obtaining 583,469 
trimmed and qualified pyrosequences with average length of ~361 bp for all pyrosequences. 
Approximately 28,511 (4.9%) of the pyrosequences were considered to be chimera and were 
removed from any further analyses. Specific for the Grand Isle samples, 26.5% were trimmed to 
obtain 190,648 pyrosequences with an average length of ~362 bp. Of these, 8938 (4.7%) 
sequences were suspected chimera and removed from any further analyses. Specific for the 
Dauphin Island samples, ~36.4% of the pyrosequences were trimmed to obtain 392,821 trimmed 
sequences with an average length of ~361 bp. Approximately 19,573 (5.0%) pyrosequences were 
suspected of being chimeric and thus, removed. For each of the sequence datasets, the qualified 
pyrosequences were compared to the Ribosomal Database (RDP) (Cole et al., 2009) to establish 
the taxonomic and phylogenetic framework. Of the 190,648 pyrosequences retrieved from Grand 
Isle samples, and 392,821 pyrosequences from Dauphin Island, there were 97,460 unique OTUs 
at the 96% sequence identity level. 
Table 2.3: Number of total raw, trimmed, and chimeric pyrosequences. 
  
Grand 
Isle 
Dauphin 
Island 
Total 
Total raw pyrosequences 259,394 618,044 877,438 
Total pyrosequences after trimming 190,648 392,821 583,469 
Percent trimmed 26.5% 36.4% 33.5% 
Average length of sequences after trimming 362 bp 361 bp 361 bp 
Total chimera  8,938 19,573 28,511 
Percentage Chimera 4.7% 4.9% 4.9% 
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The general observational similarities and differences among the communities from each 
of the samples from each beach, and between the two beaches, indicated that there were likely 
distinct microbial communities at each of the beaches and that change in the community 
compositions were potentially controlled by different factors at each beach based on the 
physicochemical data. Statistical comparisons were done to evaluate the potential controls that 
the physicochemical conditions may have exerted on the communities. The first approach to 
evaluate the distinctness of the microbial communities (i.e. richness, OTU diversity, etc.) 
included interpreting rarefaction curves and non-parametric diversity estimators. The second 
approach involved analyzing the relative abundance data and physicochemistry using CCA plots. 
Rarefaction curves were generated for each transect regardless of sample depth at 96% 
similarity level, to roughly correspond to species-level relationships. Rarefaction curves for all 
samples are in Appendix B. The rarefaction curves for Grand Isle and Dauphin Island for the 
first sampling time in May or June indicated that OTU richness was saturated. After the oil spill, 
however, the overall number of pyrosequences obtained from all sampling locations changed 
(either increased and decreased), and rarefaction curves did not plateau, although some post-oil 
spill samples collected from the dunes did. In general, dune samples from both locations had 
saturated sample coverage, but the near-water samples had greater diversity and unsaturated 
coverage. A sample of sediment with tar ball collected from a “near-water” location at Dauphin 
Island showed good coverage but the least number of OTUs of all samples.   
The non-parametric estimators, Chao1, Shannon Diversity, and Simpson’s Dominance 
indices, measured the richness and diversity of bacterial communities (Tables 2.4 and 2.5 for 
Grand Isle and Dauphin Island, respectively). For Grand Isle (Table 2.4), there was an increase 
in the number of unique sequences in May 2011 compared to May 2010 or August 2010. 
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Table 2.4: The number of unique sequences, OTUs (at 96% sequence similarity), Chao1, 
Shannon, and Simpson’s indices for dune, open beach, and near-water sediment samples for all 
sampling times, collected from Grand Isle, LA. Ranges are given to show variations according to 
sample depth. 
 
 
 
 
Table 2.5: The number of unique sequences, OTUs (at 96% sequence similarity), Chao1, 
Shannon, and Simpson’s indices for dune, open beach (back shore and fore shore), and near 
water sediment samples for all sampling times, collected from Dauphin Island, AL. Ranges are 
given to show variations according to sample depth. 
 
 
Sample Site Sample # Time Unique Sequences OTUs (96% similarity) Chao1 Shannon Simpson
18 May-10 2940 48 - 158 59 - 204 3.02 - 5.13 0.03 - 0.07
39 Aug-10 4698 392 - 556 456 - 635 5.1 - 5.53 0.007 - 0.012
73 May-11 3495 214 - 247 236 - 258 4.6 - 4.8 0.01 - 0.016
20 May-10 6064 371 - 530 409 - 633 5.13 - 5.18 0.01
42 Aug-10 2053 27 - 614 65 - 788 2.8 - 5.5 0.01 - 0.08
76 9409 482 - 3020 567 - 4032 5.4 - 7.3 0.001 - 0.006
77 5106 361 - 1298 494 - 2125 4.8 - 6.12 0.006 - 0.016
78 5044 875 - 1396 1179 - 2130 5.7 - 6.4 0.004 - 0.007
21 May-10 5315 218 245 4 0.06
43 Aug-10 4781 482 576 4.9 0.034
79 May-11 4445 868 - 1230 1384 - 2140 5.6 - 6.4 0.003 - 0.008
Near Water
Open Beach
May-11
Dune
Sample Site Sample # Time Unique Sequences OTUs (96% similarity) Chao1 Shannon Simpson
3 May-10 1793 71 - 114 82 - 138 3.6 - 3.9 0.04
23 Jun-10 3925 378 - 832 511 - 1198 4.7 - 5.8 0.005 - 0.02
30 Aug-10 3856 125 - 884 160 - 1133 3.4 - 5.8 0.008 - 0.01
53 Dec-10 2482 349 - 814 544 - 1190 5.0 - 5.86 0.005 - 0.017
58 May-11 4087 910 - 939 1334 - 1377 6.1 0.004
6 May-10 1636 28 - 94 40 - 122 2.5 - 3.6 0.04 - 0.11
24/25 Jun-10 3249 416 - 1084 726 - 1845 4.1 - 5.9 0.008 - 0.02
48 Dec-10 5622 855 - 2322 1957 - 3869 5.8 - 6.9 0.002 - 0.009
60/62 May-11 3983 468 - 1147 754 - 1643 4.2 - 6.2 0.006 - 0.04
26/27 May-10 3451 208 - 1521 368 - 2547 4.3 - 6.2 0.004 - 0.04
33 Aug-10 4766 158 - 902 193 - 1265 4.0 - 6.3 0.002 - 0.03
49/50 Dec-10 5228 1371 - 3040 2368 - 5419 5.9 - 7.4 0.001 - 0.01
67 May-11 5634 1950 - 2297 3208 - 3801 7.09 - 7.2 0.001
7 May-10 2370 108 122 3.52 0.06
28 Jun-10 4987 252 - 1521 500 - 2547 4.4 - 6.19 0.007 - 0.024
34 Aug-10 3305 151 - 744 418 - 907 3.8 - 5.95 0.005 - 0.1
51/52 Dec-10 5003 473 - 2051 689 - 3662 4.7 - 6.8 0.003 - 0.024
68 May-11 4899 502 - 2169 746 - 3669 4.7 - 7.2 0.001 - 0.02
Open Beach 
(Back Shore)
Open Beach 
(Fore Shore)
Dune
Near Water
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Dune samples from May and August 2010 had higher numbers for OTUs and Chao1 indices at 5 
cm depth, although the number of OTUs and Chao1 indices for all depths for May 2011 samples 
were similar. Dune samples at all depths and all sampling times had similar Shannon index 
values, but the Simpson’s index values decreased with increasing depth, indicating an increase in 
the evenness among members of the community. OTUs and the Chao1 index values increased 
from the dune towards the near-water samples. Open beach samples from May 2011 had the 
highest number of OTUs and Chao1 index values as compared to dune and near water samples. 
Shannon index values were also higher in these samples, but Simpson’s index values were fairly 
similar. Open beach samples from May 2010 and August 2010 had fairly similar numbers of 
OTUs, and Chao1, Shannon, and Simpson’s indices.  
In contrast, higher numbers of OTUs were observed in almost all of the Dauphin Island 
dune surface samples at all sampling times (Table 2.5). In general, the 0 cm (i.e. surface) 
samples had higher numbers of OTUs compared to the other sample depths. A similar trend was 
observed in Chao1 index values. Although the Shannon index values for all the samples at all 
depths were similar, the Simpson’s Dominance values were higher for samples at ~20 cm below 
surface, suggesting that those samples were dominated by a few groups. Shannon Diversity 
index values increased from the dune towards the near-water samples, such that the values were 
lower for the dune samples and higher for near-water samples. The number of unique sequences 
and corresponding number of OTUs increased in the near-water samples compared to the dune 
samples. In general, open beach samples had higher numbers of unique sequences, OTUs, and 
Chao1 index values compared to the dune or near-water sites. The foreshore open beach site had 
more OTUs than the backshore.  
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Taxonomic Diversity  
Grand Isle 
Through time, the relative abundances and diversity of major bacterial taxonomic groups 
varied along the open beach transect sites at Grand Isle (Figures 2.10-2.12). For comparison, 
only the dune, open beach, and near-water locations are described here (Table 2.6), and major 
taxonomic groups were selected on the basis of their percent composition in samples from all 
times. Samples constituting <5% pyrosequence composition are not shown in tables and figures. 
Complete taxonomic data are located in the Appendix B.  Samples collected in May 2010 at the 
dune site (Figure 2.10) were comprised of Gammaproteobacteria, Deltaproteobacteria, 
Firmicutes, and Acidobacteria as the major taxonomic groups. But, only Gammaproteobacteria 
and Firmicutes were dominant in the near-water May 2010 samples (Figure 2.12). The Grand 
Isle beach sands experienced oiling in June-August 2010 (Figure 2.12), and large-scale effort to 
clean the beaches, including removal and sand washing were done from the late summer of 2010, 
following the August 2010 sampling time, through January 2011. The relative abundances of 
Betaproteobacteria and Bacteroidetes increased from August 2010 in the dune samples, but 
other groups decreased or there were no changes  Near-water samples from August 2010 had 
similar relative abundances for Alpha- and Gammaproteobacteria, but compared to May 2010, 
Deltaproteobacteria increased and Betaproteobacteria decreased. All other major groups had 
very low abundances. For all sample locations, there was an obvious decrease in the abundance 
of Firmicutes from May 2010 to May 2011. In contrast, the abundance of Alphaproteobacteria 
and Actinobacteria increased for all sites over time. 
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Table 2.6: Range of percentages for major taxonomic groups at Grand Isle, including comparisons between dune sites and near-water 
sites at all sampling times. Ranges in abundance of taxonomic groups represent the spread in diversity with depth. Minor taxonomic 
groups, constituting <5% sequence abundances, are excluded. 
 
Table 2.7: Range of percentages for major taxonomic groups at Dauphin Island, including comparisons between dune sites and near-
water sites at all sampling times. Ranges in abundance of taxonomic groups represent the spread in diversity with depth. Minor 
taxonomic groups, constituting <5% sequence abundances, are excluded.  
 
Location Sample # Time Alpha-Proteobacteria Beta-Proteobacteria Gamma-Proteobacteria Delta-Proteobacteria Epsilon-Proteobacteria Firmicutes Acidobacteria Actinobacteria Bacteriodetes Cyanobacteria
18 May-10 4.1 - 18 0.8 - 21 1.9 - 60 0 - 92 < 2 40 - 43 0 - 6.7 1 - 7.4 3.7 - 9.5 0.6 - 3.7
39 Aug-10 14.5 - 16 17 - 32 45 - 54 2.7 - 11 2.4 - 6 22.5 - 24 1.7 - 6 < 5 9.1 - 13 2
73 May-11 54.5 - 77 4.8 - 13 16 - 33 2 - 5 < 1 5 - 8.5 2 - 5 18 - 39 2.4 - 17.4 < 5
20 May-10 9 -15 0 - 3 65 - 76 9 - 17 0 - 3 22 - 33 7 - 15 4 - 6 1 - 5 0 - 7
42 Aug-10 0 - 9 0 - 24 57 - 100 0 - 9 0 - 1 8 - 52 0 - 6 0 - 3 1 - 6 0 - 1
76 22 - 71 1 - 6 56 - 50 2 - 35 0 - 9 1 - 5 0 - 8 0 - 10 2 - 16 0 - 30
77 15 - 54 0 - 4 30 - 70 10 - 13 0 - 8 4 - 19 0 - 3 4 - 11 1 - 11 0 - 16
78 24 - 56 0 - 2 43 - 63 0 - 8 0 - 2 1 - 7 0 - 8 1 - 6 11 - 13 0 - 2
21 May-10 14 6.6 61 4 15 73 3.4 1.02 6.04 0
43 Aug-10 17.34 2.88 62 14.12 3.9 42.1 3.1 < 5 6 4
79/80 May-11 16 - 31 < 5 50 - 72 0.1 - 13 < 1 1.5 - 12 5 - 7.5 1.1 - 5.8 9.3 - 28 2
Grand Isle Range of Percentage Major Taxa
Dune
Open Beach
May-11
Near Water
Location Sample # Time Alpha-Proteobacteria Beta-Proteobacteria Gamma-Proteobacteria Delta-Proteobacteria Epsilon-Proteobacteria Firmicutes Acidobacteria Actinobacteria Bacteriodetes Cyanobacteria
3 May-10 6 17 51 17 8 55 -- 8 4 < 1
23 Jun-10 26 - 44 34 - 47 4 - 14 5 - 13 0 - 2 3 - 8 14 - 17 9 - 13 13 - 24 < 1
30 Aug-10 12 - 21 17 - 21 36 - 52 0 - 24 1 - 11 35 - 79 0.6 - 7 1 - 15 1.7 - 3 < 2
53 Dec-10 16 - 45 42 - 56 6.6 - 27 4.1 - 15 0.04 - 0.2 < 5 5 - 33 6.7 - 21 1.5 - 18 0 - 33.4
58 May-11 57 - 60 21.4 - 25 6 - 12 6.3 - 11 < 2 2 - 5 7.4 - 13 22 - 36 6 - 10 <2
6 May-10 13 4 79 3 3 59 0 16 3 0
24/25 Jun-10 9 - 61 27 - 66 5 - 22 3 - 12 0 - 1 3 - 5 9 - 20 4 - 9 6 - 18 0 - 1
48 Dec-10 8 - 28 15 - 22 42 - 56 11 - 15  0 - 1 1 - 4 5 - 7 2 - 3 4 - 12 2 - 3
60/62 May-11 7 - 79 2 - 23 12 - 75 3 - 22 0 - 42 3 - 74 0 - 21 1 - 30 1 - 21 0 - 6
26/27 May-10 3 - 38 17 - 88 7 - 32 1 - 15 0 - 2 1 - 4 4 - 22 2 - 12 2 - 36 0
33 Aug-10 4 - 18 3 - 4 52 - 93 0 - 24 0 - 2 18 - 61 3 - 13 3 - 12 3 - 6 1 - 3
49/50 Dec-10 17 - 36 2 - 19 32 - 77 4 - 22 0 - 2 1 - 4 3 - 9 5 - 11 7 - 19 2 - 16
67 May-11 16 - 22 2 - 3 55 - 61 19 - 24 0 2 7 - 9 5 9 - 10 3 - 5
7 May-10 7.3 1.2 46 1.3 45 39 -- 2 4 0
28 Jun-10 23.5 - 66 1.2 - 14 19 - 73 0.6 - 6.4 < 0.2 0.1 - 0.8 0.2 - 3.4 0.4 - 7.3 14 - 17 38
34 Aug-10 3.2 - 24 4.2 - 18 53 - 90.1 1.6 - 12 0.3 - 1.3 9.4 - 42 1.2 - 6 4 - 13 3.5 - 7.5 < 2
51/52 Dec-10 22.5 - 77 2.7 - 15 1.3 - 59 4 - 16 < 0.6 < 5% 5.5 - 7.2 5.5 - 13 7.6 - 18.3 0.1 - 22.4
68 May-11 15 - 21 0 - 3 56 - 72 4 - 23 0.6 - 2.3 0.76 -2.2 6.8 - 9 5.1 - 6 1.3 - 8.5 < 4
Dauphin Island Range of Percentage of Major Taxa
Dune
Near Water
Open Beach (Back 
Shore)
Open Beach (Fore 
Shore)
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Figure 2.10: Maximum percentage of major taxonomic groups present in samples from Grand Isle dune site combined for all depths 
and showing percentages of major groups (>5%) for all times. The Proteobacteria phylum is separated by classes, but other major 
groups represent phylum levels. 
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Figure 2.11: Maximum percentage of major taxonomic groups (>5% composition) present in samples from Grand Isle open beach site 
combined for all depths and showing all sampling times. May 2011 samples were divide in to back, middle, and foreshore parts of 
open beach. The Proteobacteria phylum is separated by classes, but other major groups represent phylum levels.  
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Figure 2.12: Maximum percentage of major taxonomic groups (>5% composition) present in samples from Grand Isle “near-water” 
site combined for all depths and showing all times. The Proteobacteria phylum is separated by classes, but other major groups 
represent phylum levels. 
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Dauphin Island  
Table 2.7 provides the percentages of major taxonomic groups, and Figures 2.13 through 
2.16 reveal the maximum percentage of major taxonomic groups found at the Dauphin Island 
dune sites, open beach backshore and foreshore, and near-water sites, respectively. Full 
taxonomic compositions and comparisons of all sites along the sample transects are located in 
Appendix B. For the dune locations (Figure 2.13), samples collected in May 2010 had less 
overall diversity as compared to the later sampling times. Relative abundances in Alpha-, Beta- 
Proteobacteria, Acidobacteria, and Bacteroidetes increased in early June 2010, but 
Gammaproteobacteria and Firmicutes decreased. August 2010 samples had decreases in the 
relative abundances of Alpha- and Betaproteobacteria, Acidobacteria, and Bacteroidetes, but 
increases in Firmicutes and Gammaproteobacteria. December 2010 samples had changes in the 
relative abundances of major taxonomic groups compared to earlier in 2010, with increases in 
Alpha-, Betaproteobacteria, Acidobacteria, Bacteroidetes, and Actinobacteria. Widespread 
changes in taxonomic representation and diversity was evident for the May 2011 samples 
compared to the previous sampling times, although samples taken from the near-water area of 
the beach transect (Figure 2.16) did reveal fluctuations in the relative abundances of major 
taxonomic groups throughout the year. One distinction between the dune (Figure 2.13) and near-
edge water (Figure 2.16) samples from May 2010 was that the dune had lower abundances of 
Epsilonproteobacteria, but the water samples had an increase. This increase in 
Epsilonproteobacteria indicated possible contamination of the wet beach sand by Helicobacter 
spp. (pathogen) before the oil spill (Goodwin et al., 1989).  
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Figure 2.13: Maximum percentage of major taxonomic groups (>5% composition) found in dune site samples from Dauphin Island, 
AL, combined for all depths and showing all sampling times. The Proteobacteria phylum is separated by classes, but other major 
groups represent phylum levels. 
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Figure 2.14: Maximum percentage of major taxonomic groups from open beach “backshore” Dauphin Island site, combined for all 
depths. This bar graph also shows the fluctuations observed in these major taxonomic groups. The Proteobacteria phylum is separated 
by classes, but other major groups represent phylum levels. 
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Figure 2.15: Maximum percentage of major taxonomic groups from open beach “foreshore” Dauphin Island site, combined for all 
depths. This bar graph also shows the fluctuations observed in these major taxonomic groups. The Proteobacteria phylum is separated 
by classes, but other major groups represent phylum levels. 
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Figure 2.16: Maximum percentage of major taxonomic groups (>5% composition) found in “near water” samples from Dauphin 
Island, AL, combined for all depths and representing all times of sample collection The Proteobacteria phylum is separated by 
classes, but other major groups represent phylum levels. 
 
 
  
  45 
 
 
Statistical Correlations of Microbial Groups to the Environment  
Physicochemical parameters from both Grand Isle and Dauphin Island were used as 
environmental variables to compare and align taxonomic data at the phylum level for major 
taxonomic groups and class level for Proteobacteria for all samples. Each of the beach locations 
were analyzed separately. Several comparisons were made, with samples being grouped by site 
along the beach transect and depth, or grouped by sampling time regardless of location. To 
understand possible environmental controls on the microbial community composition, species-
environment correlation analyses were done using PAST program (Hammer et al., 2001) to 
create CCA ordination diagrams comprised of axes calculated by a linear combination of the 
different variables (ter Braak, 1986; Bertics and Ziebis, 2008). Five to eight variables were used 
depending on the comparison, including depth, time of sample collection, pH, up to three 
different grain size distribution percentages, the percent TOC, and percent water content 
Analyses were done on the basis of time of collection for which all the transects were colored or 
marked with different symbols regard less of depth, because no correlation or changes were 
observed on either plots on the basis of depth. 
Figure 2.17A and 2.17B represent CCA plots for Grand Isle samples from all sampling 
times. The eigenvalues generated by CCA for each axis (Table 2.8) indicate the amount of 
variation explained by an environmental variable. The CCA plot shown here for Grand Isle 
samples was generated by grouping samples according to the time of collection and color-coded 
accordingly. In this case, Axis 1 explained 59.4% of the variance in species data and Axis 2 
explained 20.5% variance in species data. A comparison of all CA and CCA eigenvalues for 
each transect separately provided statistically insignificant P values, i.e. greater than the 
universal threshold 0.05. May and August 2010 showed similar CA and CCA eigenvalues, 
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Figure 2.17A: CCA biplot for Grand Isle samples from all sampling times created by using taxonomic data and environmental 
variables (depth, moisture, organic carbon, pH, and grain sizes), shown as lines whereby the direction and magnitude of each variable  
corresponds to the association with microbial communities. Samples were grouped according to time of collection. This plot shows 
sample scores for all transects along first and second ordination axes.  
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Figure 2.17B: CCA ordination diagram for representative taxonomic groups in each cluster for Grand Isle samples.  
Alphaproteobacteria, Betaproteobacteria, 
Epsilonproteobacteria 
Firmicutes, Actinobacteria and Cyanobacteria 
Bacteriodetes, Acidobacteria, 
Gammaproteobacteria and 
Deltaproteobacteria 
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suggesting that the environmental variables used in CCA were sufficient to explain the 
distribution of microbial communities. The CA (0.548) and CCA (0.257) plots for the May 2011 
transect were different, indicating that there could be additional environmental variables that 
could explain community compositional changes for these samples.  
From the CCA of all samples analyzed for Grand Isle, most samples clustered on the left side of 
the plot. Although sample depth positively correlated with Axis 1 (r = 0.41), the ordination of 
very few samples was influenced by depth (i.e. few samples were found near this environmental 
variable line). TOC content positively correlated with Axis 2 (r = 0.43), and pH positively 
correlated to both Axis 1 (r = 0.13) and Axis 2 (r = 0.08). The percentage of sand representing 
the φ 2.0 grain size (the mode, Figure 2.8) positively correlated with Axis 2 (r = 0.29). 
Conversely, the cluster of samples plotted in the lower-left quadrant, predominately samples 
collected in May 2011, correlated to the slightly larger sand size φ 1.75, which was negatively 
correlated to ordination Axis 2 (r = -0.30). The samples within this cluster were also those with 
higher percentages of this sand size (Figure 2.8). Specifically, according to the CCA, the 
majority of samples from all times clustered in the upper-left quadrant (Figure 2.17B). The 
ordination of the different taxonomic groups according to the proximity to, and length of, the 
environmental variables indicated that differences in representation predominately among 
proteobacterial groups could explain the separation of the upper-left and lower-left quadrant 
clusters. Thus, Alphaproteobacteria, Betaproteobacteria, Epsilonproteobacteria, as well as 
Firmicutes, Actinobacteria, and Cyanobacteria were located within the upper-left quadrant and 
influenced by the abundance of grain size φ 2.0 and organic carbon content. In contrast, 
Gammaproteobacteria and Deltaproteobacteria, with Bacteroidetes and Acidobacteria 
corresponded to the lower-left quadrant of predominately samples collected in May 2011, which 
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correlated to an increase in proportion of the slightly larger grain size φ 1.75. The outlier sample 
on extreme right of the plot (Figure 2.17B) showed fairly close association with Unclassified 
OD1 group. This sample showed high abundance of Unclassified OD1 group relative to other 
samples and therefore was found as an outlier on the plot. 
Table 2.8: Resulting CCA eigenvalues and P values after 9999 Monte Carlo test 
permutations for Grand Isle sample evaluations (Figures 2.17A and B). 
 
 
Figures 2.18A and B show the CCA plot for Dauphin Island pyrosequence data with 
respect to the corresponding environmental variables. Table 2.9 shows the eigenvalues of the 
axes to potentially explain the species/phylogenetic data. Axis 1 explained 52 % of variance, 
which was statistically significant. Although Axis 2 explained a high percentage of variance, it 
was not significant. A comparison of CA and CCA results for Dauphin Island transects from 
June 2010 showed fairly similar eigenvalues for both CA (0.116) and CCA (0.170). While 
transects from August and December 2010 , and May 2011 always showed higher CA 
eigenvalues (0.386, 0.281, and 0.404, respectively) than CCA eigenvalues (0.278, 0.189, and 
0.216, respectively), suggesting that there could be environmental variables not taken into 
account in the analyses. Most samples from June 2010 were influenced by pH and the 
distribution of grain size classes φ 1.0, 1.75, and 2.0. August 2010 samples were influenced by 
the distribution of grain size classes φ 1.0 and 2.0. Samples from December 2010 and May 2011 
were influenced by organic carbon content, pH, and grain sizes classes φ 1.0, 1.75, and 2.0.  
Axis Eigenvalue P %
1 0.43 0.0001 59.4
2 0.15 0.02 20.5
3 0.09 0.005 12.0
4 0.04 0.02 5.4
5 0.02 0.02 2.7
6 0.00 0.6 0.0001
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From the CCA plot for Dauphin Island, most samples collected at different times 
overlapped with each other and were mostly located in lower half of the plot. As with Grand Isle, 
no statistically significant changes in the distribution could be explain by plotting the data 
against depth. Samples in the upper-right did not include any samples from December 2010, and 
these samples were proximal to the variable line for the influence of the proportion of grain size 
φ 1.0. Grain size φ 2.0 and depth positively correlated to both ordination Axis 1 (r = 0.41 and r = 
0.07, respectively) and Axis 2 (r = 0.31 and r = 0.08, respectively). Moisture content, grain size φ 
1.75, and TOC positively correlated to Axis 1(r = 0.56, r = 0.02, and r = 0.07, respectively) and 
negatively correlated to ordination Axis 2 (r = -0.16, r = -0.04, and r = -0.07, respectively). Grain 
size φ 1.0 and pH negatively correlated to ordination Axis 1 (r = -0.24 and r = -0.02) and 
ordination Axis 2 (r = -0.15 and r = -0.02). The lengths of the lines for the depth, TOC, and pH 
variables were short on the Axes 1 and 2 biplot as compared to other variable axes because they 
were associated with 3rd Axis (Table 2.9). Figures 2.18A and 2.18B provided important 
information regarding shifts in the importance of different variables that could explain the 
observed changes in the taxonomic data. May 2010 samples were influenced by moisture content 
and/or the percentage of grain size φ 2.0. Significant variability was observed in June 2010 
samples possibly due to pH or the distribution of the larger grain size φ 1.0. August 2010 
samples showed major shifts, and were possibly influenced by depth and finer grain size φ 2.0. 
December 2010 samples overlapped with the June 2010 samples, but showed a greater coverage 
and variability that could be attributed to the percentage change in the larger grain size φ 1.0 and 
TOC. Interestingly, samples taken from December 2010 were after beach-wide sand washing and 
the removal of sand from the open beach zones (back and foreshore) and replacement of sand. 
Samples from May 2011 overlapped all sampling times and the variability could be explained by 
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the amount of grain size φ 1.0 and TOC, as most samples from this time were near these 
environmental variable axes.  
Table 2.9: Resulting CCA Eigenvalues and P values after 9999 Monte Carlo test 
permutations for Dauphin Island sample evaluations (Figures 2.18AandB). 
 
 
Figure 2.18B shows the major taxonomic groups associated with the environmental 
variables, whereby the relative importance of each group according to the proximity to the length 
of the variables. Three distinct taxonomic groups could explain the separation of clusters into the 
lower-left, lower-right, and upper-right quadrants. The lower-left quadrant cluster comprised 
Betaproteobacteria, Acidobacteria, and Actinobacteria as major taxonomic groups influenced by 
φ 1.0 grain size, whereas the lower-right cluster comprised Alphaproteobacteria, 
Deltaproteobacteria, Epsilonproteobacteria, Bacteroidetes, and Cyanobacteria as major 
taxonomic groups influenced by φ 1.75 grain size, organic carbon, and water content; and the 
upper-right cluster comprised Firmicutes and Gammaproteobacteria  as major taxonomic groups 
influenced by grain size φ 2.0. Thus, changes in microbial diversity and relative abundances of 
the major taxonomic groups from Dauphin Island could be attributed to changes in grain size and 
to some extent organic carbon and water content. CCA plots from May and August 2010 showed 
that most samples were influenced by organic carbon content, water content, and the φ 1.75 grain 
size, compared to the samples from May 2011 that were influenced either by the proportion of 
grain sizes φ 1.75 or 2.0. Outlier samples t not covered in the groups (Figure 2.18B) were 
Axis Eigenvalue P %
1 0.10 0.003 52.0
2 0.04 0.08 18.9
3 0.03 0.02 14.3
4 0.01 0.07 7.4
5 0.01 0.01 5.6
6 0.00 0.2 1.9
7 0.00 0.25 0.002
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Figure 2.18A: CCA biplot for Dauphin Island samples from all times created using taxonomic data and environmental variables 
(depth, moisture, organic carbon, pH, and grain sizes). Samples were grouped according to collection time. 
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Figure 2.18B: CCA ordination diagram for representative taxonomic groups in each cluster for Dauphin Island samples.  
 
Firmicutes and Gammaproteobacteria 
Alphaproteobacteria, 
Deltaproteobacteria, Bacteroidetes, 
Epsilonproteobacteria and 
Cyanobacteria
Betaproteobacteria, 
Acidobacteria, and 
Actinobacteria 
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Samples from open beach backshore site of May 2011. Samples on right side of the plot (not 
covered in group) showed Chrysiogenetes as representative taxonomic group, while samples in 
left showed Deinococcus-Thermus as representative taxonomic group. These samples were 
found to be outliers on the plot possibly because the representative taxonomic groups showed 
slight high abundance than other samples. 
Shannon Diversity Index 
The same sampling and sequence effort was applied throughout this study, so the 
Shannon Diversity indices derived from OTU richness (Tables 2.4 and 2.5) were used as a 
diversity metric to compare to environmental variables that were identified from CCA to 
significantly influence community composition on each of the beaches. Figures 2.19A and B and 
2.20A and B, for both Grand Isle and Dauphin Island, respectively, demonstrate changes in 
Shannon diversity indices with respect to changes in the distribution of the mode grain size, 
specifically φ 2.0. The Shannon index values and grain sizes shown on the graphs represent the 
average values for all depths. Figure 2.19A shows samples from Grand Isle grouped according to 
the time of collection. There was an overall increase in the Shannon index value corresponding 
to a change in the grain size distribution. Figure 2.19B shows samples grouped according dune, 
near water, and open beach. Overall, Shannon index values for samples from the near water and 
open beach sites were higher than samples from the dune, and the greatest variation in the 
distribution in grain size was from the open beach samples. Similar to Grand Isle, samples 
grouped according to time of collection for Dauphin Island (Figure 2.20A) had an overall 
increase in Shannon index values, particularly for December 2010 and May 2011 samples. When 
samples were grouped according to sampling location (Figure 2.20B), the grain size distribution 
for dune and open beach backshore samples did not change appreciably, but samples from these 
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locations also had a similar increase in Shannon indices over time. In contrast, the open beach 
foreshore and near water samples had variable grain size distributions over time, corresponding 
to the greatest increase in Shannon index values, indicating an increase in overall microbial 
diversity for these locations that corresponds to changes in grain size distribution. 
 
Figure 2.19A: Average Shannon diversity index vs. the mode grain size φ 2.0, with samples 
grouped according to sampling times, for Grand Isle, LA. Average here indicates an average of 
three depth surface, 5 cm, and 20 cm. Bars on the graph indicate the range of Shannon index 
values.  
 
Figure 2.19B: Average Shannon diversity index vs. the mode grain size φ 2.0, with samples 
grouped according to site including dune, near water, and open beach, for Grand Isle, LA. 
Average here indicates an average of three depth surface, 5 cm, and 20 cm. Bars on the graph 
indicate the range of Shannon index values. 
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Figure 2.20A: Average Shannon diversity index vs. the mode grain size φ 2.0, with samples 
grouped according to sampling times, for Dauphin Island, AL. Average here indicates an average 
of three depth surface, 5 cm, and 20 cm. Bars on the graph indicate the range of Shannon index 
values.  
 
 
Figure 2.20B: Average Shannon diversity index vs. the mode grain size φ 2.0, with samples 
grouped according to site including dune, near water, and open beach, for Dauphin Island, AL. 
Average here indicates an average of three depth surface, 5 cm, and 20 cm. Bars on the graph 
indicate the range of Shannon index values.  
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Chapter 3: The Impact of Deepwater Horizon Oil Spill Restoration Efforts to 
Microbial Community Dynamics from Sandy Beaches 
 
 Because of the increasing need for hydrocarbon compounds in society, exploration for 
new hydrocarbon reservoirs and production of petroleum resources increase the probability that 
natural, pristine environments will become contaminated by hydrocarbon compounds through 
time (Gundlach and Hayes, 1978; Labud et al., 2007, Berthe-Corti and Nachtkamp, 2010). In any 
environment, however, microbes decompose pollutants, in addition to regulating the composition 
of the atmosphere, influencing important climatic feedback reactions, and recycling nutrients 
(Huse et al., 2008). As such, microbes are metabolically versatile and can utilize hydrocarbon 
compounds as substrates for growth (e.g., Braddock et al., 1995; Harayama et al., 1999; Lee and 
Merlin, 1999; Spormann and Widdel, 2000; Van Hamme et al., 2003; Hazen et al., 2010). In 
short, their metabolic activity has the potential to remove contamination that could adversely 
affect ecosystem functioning and productivity (Labud et al., 2007).  
  Because many petroleum reservoirs are found off-shore, coastal habitats like wetlands 
and beaches are increasingly impacted by oil contamination (Gundlach and Hayes, 1978; Venosa 
et al., 2003; de la Huz et al., 2005). If we knew more about the microbial ecology and ecosystem 
dynamics of these coastal systems, and especially more about the resiliency of microbial 
communities in coastal ecosystems to disturbance, not just oil spills, then disturbances may not 
be considered disastrous. The lack of information about how marine life in general would be 
affected by oil, how marine microbial communities would respond to oil (e.g., Atlas et al., 1981; 
Leahy and Colwell, 1990; Braddock et al., 1995; Hazen et al., 2010), and what the fate and 
transport of oil in the ocean was like (e.g., Reddy et al., 2011), influenced the perception that the 
explosion and sinking of the Deepwater Horizon would have catastrophic consequences to 
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marine ecosystems. Consequently, the Deepwater Horizon oil spill provided a unique 
opportunity to study the spatial distribution, diversity, and metabolism of microbial communities 
from marine and coastal ecosystems that were affected by the oil spill disturbance. 
Sandy beaches are important to coastal ecosystems and comprise under-appreciated 
biodiversity (Schlacher et al., 2007). Despite suggestions from previous work that sandy beaches 
are geochemical deserts that harbor no life, due in part because sand is usually poor in organic 
matter and other reactive substances to support biological processes (Boudreau et al., 2001), 
recent studies find that microbial communities in subtidal sands within the swash zone 
mineralize up to 70% of organic matter reaching a beach, and seasonally filter and accumulate 
both organic and inorganic materials from the terrestrial and marine environments (Podgorska 
and Mudryk, 2007; Gobet et al., 2011; Kostka et al., 2011; Gilbert et al., 2012). In contrast, 
knowledge of the microbial diversity and functional activities from supratidal sandy beach 
regions, especially associated with the zones of the beach from the dune and foredune to the 
open slope and berm, is lacking. From the research that has been done, microbial communities in 
sandy environments are highly sensitive to perturbation and community composition can rapidly 
change (Labud et al., 2007).  
The main objective of this research was to test hypothesis that diversity of sandy beach 
microbial communities would decrease in time due to stress and disturbance in the habitat, but in 
the short-term, microbial diversity should increase due to the expansion of new niches and 
metabolic substrate offered by weathered oil or remediation efforts that would expose 
communities to different environmental conditions. The length of time that the communities 
were disturbed from exposure to weathered oil was minimal based on the sampling interval in 
this study (i.e. on the order of weeks to two to three months), whereas the duration of 
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remediation efforts was relatively longer by comparison to the exposure time to weathered oil 
(i.e. on the order of three to six or more months). However, during the course of the study, the 
dynamic, seasonal nature of a beach environment, which includes wind and water transport and 
reworking of the sediments, likely overprinted the history of oil exposure and the impact of 
remediation. Therefore, based on the results obtained in this longitudinal study, the causes for 
changes in the microbial community diversity within the examined sandy beach habitats need to 
include both natural and anthropogenic, short-term processes. It is highly likely that this one year 
study may not have been sufficiently long enough to evaluate the causes of long-term changes in 
diversity.  
When considering changes in microbial diversity, it is important to keep in mind that 
diversity may have increased either from an actual increase in diversity at those times (e.g., from 
recruitment into the sample from another, or from enhanced growth that made the group 
detectable relative to lower abundance groups) or from a relative increase due to the detection of 
rare sequences from deeper sequencing efforts that were not detected in previous sampling times. 
Next-generation 454 tag pyrosequencing of 16S rRNA genes was used as a cost-effective way to 
evaluate changes in community compositions from a large number of samples. This sequencing 
method is now being used in a variety of geomicrobiology and microbial ecology studies (e.g., 
Amend et al., 2010), but has not been used to investigate the microbiology of Grand Isle or 
Dauphin Island sands previously. Therefore, the results from this study are important for 
expanding our knowledge of microbial communities in supratidal sandy beaches from the Gulf 
of Mexico.  
Both Grand Isle and Dauphin Island beach transect profiles showed slightly different 
overall diversities, and samples taken from May or early June 2010 represented background 
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conditions. Communities from the dune sampling locations were comparable from the two 
beaches, and with communities were associated with low water and TOC content sands affected 
by heterogeneously distributed vegetation. Moreover, the major taxonomic groups from both 
beach dune sites over the year did not change, as each of the groups identified from May 2010 
samples were also retrieved in May 2011, although in slightly different proportions. Dune 
communities are susceptible to desiccation, which causes carbon and nutrient depletion (Kostka 
et al., 2011), which is one reason why the dune communities may have been distinct from the 
communities from the open beach and near-water samples, at least initially. The open beach and 
near-water sands from Grand Isle were overwhelmingly dominated by Gammaproteobacteria 
and Firmicutes before the oil came ashore in late June 2010. Samples from Grand Isle could not 
be collected until May 2011 because of extensive sand washing and beach cleanup. The May 
2011 samples were dominated by Alphaproteobacteria and Gammaproteobacteria, as well as 
Actinobacteria and Bacteroidetes. Sand from the open beaches at Dauphin Island was also 
comprised of Gammaproteobacteria and Firmicutes as the dominant groups. In general, 
May/June 2010 samples had a lower number of OTUs compared to samples taken after the oil 
spill in August and December 2010, and May 2011. The open beach, foreshore sands and near-
water samples collected in December 2010 had been sand-washed and had completely different 
dominant taxonomic groups, specifically dominated by Gammaproteobacteria. In December, the 
beaches also had extensive cyanobacterial crusts on the surface, and therefore the relative 
abundance of Cyanobacteria increased.  
Overall, the community compositions of the supratidal sands at both beaches were 
comparable to the overall diversity from subtidal sands at Pensacola Beach, Florida, whereby the 
abundances of Gammaproteobacteria, Alphaproteobacteria, and Firmicutes shift (Kostka et al., 
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2011). According to Olapade et al. (2010), the relatively high representation of 
Gammaproteobacteria is not uncommon for microbial assemblages from marine sediments. Our 
results indicated that Gammaproteobacteria, and to some extent Alphaproteobacteria, dominated 
the supratidal beach communities, including after being exposed to weathered oil and 
disturbance from remediation. The familial- and genus-level compositions of these classes varied 
over time, however. There were also pulses of different gammaproteobacterial groups observed 
at both Grand Isle and Dauphin Island that may be attributed to decreases in available growth 
substrates. From the surface samples for both islands, the genus-level diversity within the 
Gammaproteobacteria changed from pathogen-like Escherichia and Shigella groups and 
common soil groups like Pseudomonas, to increases in taxa within the Ocenospirillales, which 
have been linked to hydrocarbon degradation in the open ocean following the Deepwater 
Horizon incident (Hazen et al., 2010). Within the Alphaproteobacteria, both locations showed 
changes in abundances of Rhodospirillaceae, Rhodobacteriaceae (purported oil degraders; 
Kostka et al., 2011), and Erythrobacteriaceae, which are mostly pathogens (Lee et al., 2005). In 
general, Ocenospirillales and Rhodobacteriaceae are usually considered copiotrophic and their 
occurrence and growth is influenced by the availability of organic and inorganic nutrients 
(Olapade et al., 2010). Within Betaproteobacteria, Burkholderiales and Methylophilales showed 
major changes in abundances over time. Bacilli and Clostridia within Firmicutes showed 
changes in abundances over time. Interestingly, other studies (Mills et al., 2008) that have 
investigated microbial diversity from coastal beaches in the Gulf of Mexico comprise high 
percentages of Bacteroidetes and Planctomycetes, but these groups were not abundant at either 
Grand Isle or Dauphin Island. 
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Previous research done to understand microbial diversity and potential drivers of 
diversity patterns in different environments has focused on environmental heterogeneity and 
historical events that change geochemical parameters, such as temperature, nutrient 
concentrations, pH, and biogeography (Zhang et al., 1998). Fluctuations in environmental 
conditions can cause large-scale changes in microbial community composition and structure, 
such as a dramatic increase in one population relative to other groups. This can lead to ecological 
imbalance. For instance, according to Torsvik et al. (1996), an increase in bacterial diversity 
observed in sediments correlated to the formation of new ecological niches in time and space, but 
the increased habitat variability altered geochemical (i.e. redox) gradients, depressed nutrient 
availability, and increased antagonistic interactions between microorganisms, which caused a 
decrease in diversity over time. To understand what environmental parameters may explain 
changes in the microbial community composition for the two sandy beach systems, various 
comparisons were evaluated, including time of sample collection, sample depth, pore water pH, 
TOC content, water content, and grain size distributions. Because most of the samples collected 
in this study were not affected by actual weathered oil, the exposure to oil could not be one of the 
drivers for microbial community compositional change, as Kostka et al. (2011) also conclude for 
the Pensacola sands after the Deepwater Horizon incident.  
Based on all of the CCA results from both beach transects, changes in the composition of 
microbial communities were significantly influenced by variations in the distribution of grain 
sizes. At the start of the study, the Grand Isle sediments were finer compared to Dauphin Island 
sands, and the Grain Isle samples also had higher overall TOC content. Over the course of the 
research, the average grain sizes for the open beaches and sampling locations near the ocean 
water shifted. For Grand Isle, the open beach grain size was dominated by one smaller size class 
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but changed to significantly larger grain sizes, as well as having a more poorly sorted 
distribution, by the end of the study. For Dauphin Island, the grain size in the foreshore open 
beach decreased, and the near-water sediments increased. Grain sizes, and the specific properties 
of sandy and clayey sediments, have been considered important drivers for microbial diversity, 
particularly in terrestrial soils (Torvisk et al., 1996; Labud et al., 2007; Zhang et al., 1998) and 
marine sediments (e.g., Findlay et al., 1990). But, the reasons for driving diversity are not well 
understood. At the most basic level, grain size can affect the wind- or water-driven transport of 
microbes, influence pore and gas-fluid diffusion and exchange, protection against predation, and 
nutrient and carbon availability due to variations in overall sediment porosity and permeability 
and changes in reactive surface area (e.g., Zhang et al., 1998; Torsvik and Ovreas, 2002). In 
soils, grain size has a greater impact on microbial diversity and community structure compared 
to other factors like pH and the type or amount of organic matter input (Torsvik and Ovreas, 
2002). For instance, the proportion of clay is positively correlated to higher organic matter 
content of sediments (Labud et al., 2007), which can support higher species diversity compared 
to medium-grained sand (Abuodha, 2003). But, that said, higher trophic level species richness 
and abundances, such as of burrowers, tends to be lower in finer sediments (e.g., McLachlan, 
1996), which will reduce the effects of burrowing fauna on sediment turnover and mixing. 
In addition to burrowing of open beach sand within the subtidal to foreshore area of an 
open beach, a variety of other natural processes affect grain size distributions along beach 
profiles, including cross-shore and long-shore waves, water transport, and wind. In general, the 
mean grain size along a beach profile should transition from coarser grain sizes on steeper slopes 
to finer grain sizes on flatter slopes (e.g., Bascom, 1959; Stauble and Bass 1999; Abuodha, 
2003). In general, coarse grains should be near the highest energy on the beach, closer to the 
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water in the swash zone. In contrast, finer and better sorted sediments should be in the dunes 
because of the predominant transport being due to wind. Open beach sand can even be reworked 
exceptionally high tides from storms, which would be high-frequency and short-duration events. 
Rarely, during digging to acquired samples from 20 cm depth, thin horizons of larger grain sizes 
were encountered at both beaches. During the study period, it is possible that significant beach 
sand reworking and reorganization of sediment packages occurred by storms or high tides, but 
such events were not observed, although these events could have had taken place during the 
intervals between sampling periods.  
In contrast, the public beaches in this study were subjected to numerous anthropogenic 
activities to increase the beauty and economic viability of the beach, such as beach nourishment 
and sand washing. For both Grand Isle and Dauphin Island, both activities occurred from the 
swash zones to foreshore open beaches to rid the sands of weathered oil and tar balls after the 
Deepwater Horizon incident (e.g., Owens et al., 2011). Although the possibility of storms 
reworking the sediment cannot be ruled out, it is interesting that clear differences in sediment 
grain size and sorting were not observed from areas of the beaches that were not sand washed 
(e.g., fore dune and dune areas) or from May 2010 prior to sand washing. On both islands, the 
backshore open beach had nearly continuous beach vehicle traffic and large machinery (e.g., 
Figures 2.1 and 2.4C). On Grand Isle, the public and unmanaged beaches were not only sand-
washed, but new sand was also brought in to bury tarball-contaminated sand (Owens et al., 
2011). The results from this study indicate that the beaches impacted by sand washing not only 
had different grain size distributions from pre-oil spill conditions, which correlated to changes in 
microbial community compositions, but the sediment pH, moisture content, and TOC content of 
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those sediments compared to the other sediments from non-sand washed sites, also changed and 
could also be important drivers of microbial community composition.  
Incidentally, depth could be interpreted as being an important driver for community 
composition and distribution, although no statistically significant results were achieved. Other 
studies (Urakawa et al., 2000; Böer et al., 2009b; Gobet et al., 2011) suggest that depth affects 
bacterial community dynamics. In particular, Gobet et al. (2011) describe a positive relationship 
between depth and microbial population abundances, but these changes were not observed at the 
phylum or class levels, only at the level of genus, which was not possible for most of the 
taxonomic groups in this study.  
In summary, although it is not possible to rule out natural processes that could affect 
microbial community composition within sandy beaches, the remediation efforts taken to 
cleanup beaches from oil contamination can be implicated in changing the microbial diversity, 
particularly because changes in overall diversity and community structure could be significantly 
correlated to grain size distribution but also to variations in pore water pH, TOC content, and 
water content. It is unclear, however, whether the microbial communities sampled from the sand-
washed open beach sands were the microbial groups that remained attached to the sands, or 
whether the microbial communities were what new groups colonized the freshly clean to semi-
sterilized surfaces. Some sand washers used to clean the sediments from Louisiana and Alabama 
beaches involved a hot water process (Owens et al., 2011). Considering the inoculation source(s) 
of the new microbes is important because, if the source of microbes to the cleaned sands is from 
the local beach, then the community compositions should become comparable over time and the 
microbial metabolic function and other ecosystem-level processes should become reestablished. 
If sands were brought in from other beaches, having different microbial community 
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compositions, then there is the potential that those communities could take more time to 
distribute themselves. It is also possible that the new communities could overwhelm the older 
communities over time, which could impact ecosystem-level processes. When considering 
processes like hydrocarbon biodegradation, changes in the microbial communities could affect 
the rate of degradation (e.g., Rowland et al., 2000; Bento et al., 2005; Leila et al., 2006). 
Understanding environmental factors, such as grain size, is important to know how to restore 
beach ecosystems to their original conditions. This study not only expands our knowledge of the 
microbial diversity of supratidal sands along coastal beaches, but reveals that disturbances from 
remediation, and not the actual oil contamination, can change the diversity and composition of 
microbial communities in sands.  
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Physicochemical parameters 
Water and Total Organic Carbon Content 
 
Figure A1: Average percent organic carbon (primary y-axis – Black series) and average percent 
water content (secondary y-axis – Blue series) for May 2010, August 2010, and December 2010 
transects from Grand Isle, LA. All the samples x-axis starts from dune moving towards near 
water samples in each transect. a, b, and c on graphs represent surface, 5 cm, and 20 cm depths, 
respectively. Error bars on organic carbon series show calculated mass loss with ±1 standard 
error. 
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Figure A2a: Average percent organic carbon (primary y-axis – Black series) and average 
percent water content (secondary y-axis – Blue series) for May 2010 and June 2010 transects 
from Dauphin Island, AL. All the samples x-axis starts from dune moving towards near water 
samples in each transect. a, b, and c on graphs represent surface, 5 cm, and 20 cm depths, 
respectively. Error bars on organic carbon series show calculated mass loss ± 1 standard error. 
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Figure A2b: Average percent organic carbon (primary y-axis – Black series) and average 
percent water content (secondary y-axis – Blue series) for August 2010, December 2010, and 
May2011 transects from Dauphin Island, AL. All the samples x-axis starts from dune moving 
towards near water samples in each transect. a, b, and c on graphs represent surface, 5 cm, and 
20 cm depths, respectively. Error bars on organic carbon series show calculated mass loss ± 1 
standard error. 
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Table A1: pH for all samples from Grand Isle, LA, at all depths and for all sampling times. 
Samples with dashes represent that sample were not available or collected 
 
 
 
 
 
 
 
 
 
 
 
 
  
0CM 5CM Below Surface 20CM Below Surface
18 May-10 Dune 8.365 8.62 7.72
19 May-10 8.245 7.665 8
20 May-10 7.33 7.57 7.705
21 May-10 7.645 7.605 ---
22 May-10 7.785 --- ---
39 Aug-10 Dune 7.9 8.3 ---
40 Aug-10 7.99 8.85 ---
41 Aug-10 8.22 7.67 ---
42 Aug-10 8.18 7.89 ---
43 Aug-10 Near Water 7.89 ---
73 Dec-10 Dune 7.17 7.50 7.49
74 Dec-10 7.32 7.99 7.95
75 Dec-10 8.85 8.18 8.11
76 Dec-10 7.50 7.71 7.44
77 Dec-10 7.48 7.59 7.68
78 Dec-10 7.33 7.63 7.81
79 Dec-10 7.20 7.12 7.07
80 Dec-10 7.43 7.49 ---
Open Beach
Near Water
Sample #
pH
LocationTime
Open Beach
Open Beach
Near Water
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Table A2: pH for all samples from Dauphin Island, AL, at all depths and for all sampling times.  
 
 
 
 
  
0CM 5CM Below Surface 20CM Below Surface
2Composite May-10
3Composite May-10
4Composite May-10
5Composite May-10
6Composite May-10
7Composite May-10
8Composite May-10
23 Jun-10 Dune 6.70 8.38 7.91
24 Jun-10 8.55 6.37 7.03
25 Jun-10 7.63 7.59 8.24
26 Jun-10 9.04 7.70 7.41
27 Jun-10 7.86 8.27 8.71
28 Jun-10 Near Water 8.08 8.40 7.90
29 Aug-10 7.35 7.23 7.50
30 Aug-10 7.37 7.65 7.43
31 Aug-10 7.31 7.47 7.14
33 Aug-10 6.69 7.85 7.23
34 Aug-10 Near Water 6.99 6.57 6.89
53 Dec-10 Dune 7.49 7.43 7.10
54 Dec-10 7.62 7.35 7.21
48 Dec-10 9.03 8.07 8.22
49 Dec-10 7.04 7.92 7.31
50 Dec-10 7.37 6.80 7.33
51 Dec-10 7.76 7.57 ---
52 Dec-10 7.38 --- ---
58 May-11 6.84 6.78 7.02
59 May-11 6.76 6.28 6.36
60 May-11 6.95 6.6 6.37
61 May-11 8.23 7.53 6.7
62 May-11 8.62 7.96 7.48
63 May-11 8.58 7.8 7.43
64 May-11 7.74 7.62 7.59
65 May-11 7.71 7.33 7.6
66 May-11 8.09 8.42 7.59
67 May-11 7.45 7.26 7.34
68 May-11 7.34 7.75 ---
68 oil May-11 7.41 --- ---
Near Water
Open Beach 
(Foreshore)
Near Water
Dune
Open Beach 
(Backshore)
Open Beach 
(Foreshore)
Open Beach 
(Backshore)
Open Beach 
(Foreshore)
Dune
Open Beach
Open Beach 
(Backshore)
6.85
pH
Sample #
8.17
8.22
6.45
6.73
6.08
6.26
Time Location
Dune
Open Beach
Near Water
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Grain size distribution 
Table A3: Percentages of grain size distributions and the errors for all Grand Isle, LA, samples 
arranged into three transects from dune to near-water and depths separated. Sample depths for 
each sample site were averaged.  
 
 
 
Sample # Date Location 0.508mm 0.381mm 0.2286mm 0.1397mm 0.117mm
18A May-10 Dune 2% 52% 38% 2% 1% 14.69 0.7313 5%
19A May-10 0% 12% 79% 1% 0% 12.36 0.8325 7%
19_Oil May-10 1% 6% 79% 3% 0% 12.27 1.3548 11%
20A May-10 0% 1% 82% 7% 1% 11.99 1.0198 9%
21A May-10 Near Water 1% 6% 68% 6% 2% 12.11 2.1591 18%
18B May-10 Dune 0% 41% 49% 3% 1% 13.367 0.6541 5%
19B May-10 1% 6% 62% 5% 0% 11.75 2.923 25%
20B May-10 0% 2% 79% 8% 3% 10.98 0.887 8%
21B May-10 Near Water 1% 7% 78% 4% 2% 11.7 0.9188 8%
18C May-10 Dune 0% 26% 63% 2% 1% 13.91 1.0353 7%
19C May-10 4% 12% 66% 2% 0% 13.08 2.3019 18%
20C May-10 1% 6% 74% 9% 3% 10.53 0.7525 7%
39A Aug-10 Dune 0% 2% 82% 7% 2% 12.72 0.9656 8%
40A Aug-10 1% 2% 82% 8% 2% 12.24 0.6027 5%
41A Aug-10 3% 1% 84% 5% 2% 12.01 0.723 6%
42A Aug-10 1% 2% 83% 8% 1% 8.32 0.4077 5%
43A Aug-10 Near Water 0% 1% 78% 4% 6% 8.05 0.8162 10%
39B Aug-10 Dune 0% 3% 83% 5% 1% 12.73 1.0612 8%
40B Aug-10 2% 4% 48% 6% 1% 12.67 5.0109 40%
41B Aug-10 3% 7% 71% 8% 5% 12.2 0.7831 6%
42B Aug-10 2% 2% 78% 8% 2% 12.18 0.9005 7%
73A May-11 Dune 1% 22% 67% 2% 2% 15.023 0.7468 5%
74A May-11 17% 3% 70% 4% 2% 14.923 0.4637 3%
75A May-11 3% 34% 54% 4% 2% 13.888 0.6411 5%
76A May-11 11% 29% 54% 2% 1% 13.225 0.3367 3%
77A May-11 22% 29% 44% 3% 1% 12.629 0.1296 1%
78A May-11 7% 38% 50% 2% 1% 9.1698 0.1566 2%
79A May-11 1% 35% 60% 2% 1% 12.986 -3.694 -28%
80A May-11 Near Water 7% 19% 66% 3% 1% 8.5958 0.2761 3%
73B May-11 Dune 1% 23% 68% 4% 2% 15.128 0.4402 3%
74B May-11 0% 6% 83% 5% 2% 14.777 0.5864 4%
75B May-11 1% 21% 69% 4% 1% 12.167 0.4611 4%
76B May-11 2% 39% 54% 2% 1% 12.543 0.271 2%
77B May-11 1% 54% 38% 2% 2% 12.011 0.4473 4%
78B May-11 1% 41% 49% 3% 2% 12.478 0.4557 4%
79B May-11 0% 13% 32% 2% 1% 7.9685 4.1541 52%
80B May-11 Near Water 1% 32% 61% 3% 1% 12.164 0.2277 2%
73C May-11 Dune 0% 4% 87% 4% 0% 14.967 1.4096 9%
74C May-11 0% 14% 76% 3% 1% 14.713 0.7198 5%
75C May-11 1% 23% 65% 5% 1% 12.139 0.447 4%
76C May-11 2% 40% 53% 1% 0% 12.513 0.4711 4%
77C May-11 5% 27% 59% 4% 2% 12.176 0.1995 2%
78C May-11 1% 25% 64% 5% 3% 12.26 0.2854 2%
79C May-11 0% 44% 50% 3% 1% 10.878 0.2732 3%
Open Beach
Open Beach
Open Beach
Open Beach
Open Beach
Open Beach
Open Beach
Seive Size Intial 
Weight (g)
Amount 
Lost (g)
% Lost 
(Error)
Open Beach
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Table A4a: Percentages of grain size distributions and the error for all Dauphin Island,AL, 
showing transects from dune to near-water and depths separated from May2010, June 2010 and 
August 2010 times. Sample depths for each sample site were averaged. 
 
 
 
  
Sample# Date Location 0.508mm 0.381mm 0.2286mm 0.1397mm 0.117mm
2 Composite May-10 29% 56% 14% 0% 0% 10.00 0.1055 1%
3 Composite May-10 24% 60% 8% 0% 0% 15.11 1.0433 7%
4 Composite May-10 6% 77% 14% 0% 0% 12.00 0.2532 2%
5 Compsite May-10 21% 65% 10% 0% 0% 11.32 0.7564 7%
6 Composite May-10 16% 61% 14% 0% 0% 11.60 1.0919 9%
7 Composite May-10 10% 63% 20% 0% 0% 13.83 0.9746 7%
8 Composite May-10 63% 27% 4% 0% 0% 11.67 0.6706 6%
23A Jun-10 Dune 15% 58% 13% 0% 0% 14.75 2.0484 14%
24A Jun-10 30% 57% 8% 0% 0% 14.98 0.8367 6%
25A Jun-10 22% 57% 8% 0% 0% 15.16 1.8612 12%
26A Jun-10 49% 36% 4% 0% 0% 15.17 1.5443 10%
27A Jun-10 20% 53% 4% 0% 0% 15.10 3.5375 23%
28A Jun-10 Near water 27% 60% 5% 0% 0% 13.41 1.0074 8%
23B Jun-10 Dune 21% 68% 6% 0% 0% 14.14 0.6623 5%
24B Jun-10 17% 64% 11% 0% 0% 14.14 1.0976 8%
25B Jun-10 5% 59% 16% 0% 0% 14.28 2.8807 20%
26B Jun-10 2% 60% 12% 0% 0% 14.57 3.6726 25%
27B Jun-10 21% 53% 9% 0% 0% 14.28 2.4003 17%
28B Jun-10 Near water 13% 68% 9% 0% 0% 12.41 1.2141 10%
23C Jun-10 Dune 22% 64% 7% 0% 0% 14.25 0.9572 7%
24C Jun-10 15% 58% 11% 0% 0% 14.50 2.3595 16%
25C Jun-10 9% 59% 11% 0% 0% 13.77 2.7349 20%
26C Jun-10 6% 62% 6% 0% 0% 14.31 3.7791 26%
27C Jun-10 31% 44% 2% 0% 0% 14.38 3.2616 23%
28C Jun-10 Near water 12% 65% 16% 0% 0% 12.26 0.8834 7%
29A Aug-10 2% 66% 25% 0% 0% 14.79 0.9138 6%
30A Aug-10 14% 44% 7% 0% 0% 14.89 5.2684 35%
31A Aug-10 27% 52% 11% 0% 0% 14.99 1.3659 9%
32A Aug-10 35% 52% 9% 0% 0% 11.72 0.4797 4%
33A Aug-10 1% 70% 27% 0% 0% 14.14 0.2677 2%
34A Aug-10 Near water 2% 79% 15% 0% 0% 15.01 0.6116 4%
29B Aug-10 1% 54% 8% 0% 0% 15.00 5.5005 37%
30B Aug-10 7% 69% 20% 0% 0% 14.43 0.5023 3%
31B Aug-10 33% 52% 7% 0% 0% 14.64 1.1865 8%
33B Aug-10 78% 16% 5% 0% 0% 14.56 0.1719 1%
34B Aug-10 Near water 1% 81% 16% 0% 0% 12.36 0.2211 2%
29C Aug-10 2% 65% 30% 0% 0% 14.37 0.499 3%
30C Aug-10 4% 67% 22% 0% 0% 13.93 0.9172 7%
31C Aug-10 2% 72% 14% 0% 0% 13.59 1.5571 11%
33C Aug-10 5% 83% 10% 0% 0% 14.50 0.2845 2%
34C Aug-10 Near water 2% 81% 15% 0% 0% 14.57 0.3284 2%
Dune
Open Beach
Dune
Open Beach
Open Beach 
Backshore
Open Beach 
Foreshore
Open Beach 
Backshore
Open Beach 
Foreshore
Dune
Open Beach
Sieve Size
Open Beach
Dune
Near water
Open Beach 
Backshore
Open Beach 
Foreshore
Intial 
Weight (g)
Amount 
Lost (g)
% Lost 
(Error)
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Table A4b: Percentages of  grain size distributions and the error for all Dauphin Island, AL, 
showing transects from dune to near-water and depths separated from December 2010 to May 
2011 times. Sample depths for each sample site were averaged. 
 
Sample# Date Location 0.508mm 0.381mm 0.2286mm0.1397mm0.117mm
53A Dec-10 Dune 4% 80% 11% 0% 0% 15.23 0.7562 5%
54A Dec-10 27% 56% 8% 0% 0% 15.36 1.3751 9%
48A Dec-10 4% 25% 5% 0% 0% 14.64 9.6911 66%
49A Dec-10 5% 77% 12% 0% 0% 15.15 0.9088 6%
50A Dec-10 5% 72% 15% 0% 0% 15.19 1.1343 7%
51A Dec-10 36% 54% 5% 0% 0% 11.84 0.5359 5%
52A Dec-10 14% 68% 12% 0% 0% 11.86 0.6858 6%
53B Dec-10 Dune 12% 73% 7% 0% 0% 15.03 1.2045 8%
54B Dec-10 8% 72% 7% 0% 0% 14.92 1.848 12%
48B Dec-10 17% 66% 13% 0% 0% 14.79 0.5546 4%
49B Dec-10 11% 69% 15% 0% 0% 14.55 0.7236 5%
50B Dec-10 4% 48% 11% 0% 0% 14.46 5.4033 37%
51B Dec-10 Near water 15% 66% 11% 0% 0% 12.27 0.9277 8%
53C Dec-10 Dune 6% 71% 10% 0% 0% 13.95 1.6847 12%
54C Dec-10 20% 61% 4% 0% 0% 14.74 2.1891 15%
48C Dec-10 12% 77% 3% 0% 0% 13.99 1.0362 7%
49C Dec-10 2% 81% 12% 0% 0% 13.96 0.5833 4%
50C Dec-10 9% 74% 10% 0% 0% 13.87 0.8719 6%
58A May-11 Dune 10% 73% 12% 0% 0% 15.05 0.6343 4%
59A May-11 7% 77% 11% 0% 0% 14.08 0.6198 4%
60A May-11 11% 70% 15% 0% 0% 15.02 0.5394 4%
61A May-11 15% 70% 12% 0% 0% 15.06 0.5002 3%
62A May-11 17% 62% 17% 0% 0% 8.64 0.2621 3%
63A May-11 17% 67% 14% 0% 0% 13.10 0.217 2%
64A May-11 12% 72% 15% 0% 0% 12.49 0.2053 2%
65A May-11 8% 74% 14% 0% 0% 14.12 0.4423 3%
66A May-11 0% 69% 20% 1% 0% 14.07 1.428 10%
67A May-11 0% 83% 9% 0% 0% 13.91 1.0095 7%
68A May-11 5% 80% 11% 0% 0% 11.20 0.3231 3%
68_Oil May-11 24% 67% 8% 0% 0% 4.95 0.0491 1%
58B May-11 Dune 3% 65% 26% 0% 0% 12.89 0.7272 6%
59B May-11 13% 65% 14% 0% 0% 14.70 1.0906 7%
60B May-11 6% 75% 15% 0% 0% 14.57 0.5343 4%
61B May-11 9% 60% 26% 0% 0% 14.14 0.6411 5%
62B May-11 13% 72% 12% 0% 0% 12.26 0.2587 2%
63B May-11 11% 70% 16% 0% 0% 12.30 0.3185 3%
64B May-11 25% 59% 15% 0% 0% 12.13 0.1963 2%
65B May-11 12% 75% 10% 0% 0% 14.10 0.3058 2%
66B May-11 0% 65% 16% 0% 0% 13.71 2.4997 18%
67B May-11 0% 70% 16% 1% 0% 13.04 1.6625 13%
68B May-11 Near water 30% 57% 10% 0% 0% 12.41 0.3776 3%
58C May-11 Dune 14% 43% 6% 0% 0% 15.14 5.6578 37%
59C May-11 16% 66% 11% 0% 0% 14.65 0.8733 6%
60C May-11 6% 73% 16% 0% 0% 14.33 0.6377 4%
61C May-11 6% 75% 16% 0% 0% 13.54 0.5182 4%
62C May-11 14% 72% 11% 1% 0% 12.34 0.2143 2%
63C May-11 7% 83% 13% 0% 0% 11.93 -0.5161 -4%
64C May-11 16% 66% 14% 0% 0% 12.04 0.4225 4%
65C May-11 12% 70% 16% 0% 0% 13.48 0.2209 2%
66C May-11 0% 75% 17% 0% 0% 13.36 1.0654 8%
67C May-11 5% 80% 11% 0% 0% 12.68 0.3671 3%
Open Beach 
Foreshore
Near water
Open Beach 
Backshore
Open Beach 
Foreshore
Open Beach 
Backshore
Open Beach 
Foreshore
Near water
Open Beach 
Backshore
Open Beach 
Foreshore
Open Beach 
Backshore
Open Beach 
Foreshore
Open Beach 
Backshore
Sieve Size Intial 
Weight (g)
Amount 
Lost (g)
% Lost 
(Error)
Open Beach 
Backshore
Open Beach 
Foreshore
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Figure A3: Grain size distribution for all samples from Grand Isle, LA, for all sampling times 
(all transects). Sample number on x-axis start from dune moving towards near water 
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Figure A4a: Grain size distribution for samples from May 2010 and June 2010 sampling times, 
for Dauphin Island, AL. Sample number on x-axis start from dune moving towards near water 
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Figure A4b: Grain size distribution for samples from August 2010, December 2010, and May 
2010 sampling times, for Dauphin Island, AL. Sample number on x-axis start from dune moving 
towards near water.  
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Figure B1: Rarefaction curves for sediment samples of Grand Isle, LA, from all sampling times. x-axis shows number of unique 
sequences and y-axis shows corresponding number of OTUs. 
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Figure B2: Rarefaction curves for sediment samples of Dauphin Island, AL, from all sampling times. x-axis shows number of unique 
sequences and y-axis shows corresponding number of OTUs.  
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Table B1: Sequence details for all samples from Grand Isle, LA, including total raw sequences, 
trimmed, chimeric, OTUs (96% sequence identity), Chao1, Shannon, and Simpson’s indices 
 
 
 
 
 
 
 
  
Sample 
Code
Time Location
Number of 
Seqs. 
(raw)
Number of 
Seqs. After 
Trimming
Average Seq. 
Length After 
Trimming
% Trimmed Chimeric % Chimeric
OTUs (96% 
sequence identity)
Chao1 Shannon Simpson
18A May-10 1982 1439 386.896 27.40% 39 2.71% 48 59 3.027571 0.073116
18B May-10 6777 5626 381.007 16.98% 147 2.61% 158 204.428571 4.07532 0.032396
20A May-10 10703 8722 383.478 18.51% 358 4.10% 530 632.513889 5.129586 0.014934
20B May-10 6635 5441 408.126 18.00% 138 2.54% 371 409.125 5.175502 0.009831
21B May-10 Near Water 11013 7885 359.655 28.40% 56 0.71% 218 245.045455 3.981003 0.059551
39A Aug-10 6054 4956 389.51 18.14% 149 3.01% 392 455.608696 5.151822 0.011549
39B Aug-10 7001 5577 396.03 20.34% 114 2.04% 556 635.4375 5.532308 0.007392
42A Aug-10 5629 4686 397.267 16.75% 168 3.59% 614 787.787879 5.526382 0.009922
42B Aug-10 836 79 386.671 90.55% 3 3.80% 27 65.25 2.788248 0.080959
43A Aug-10 Near Water 6788 5635 405.346 16.99% 93 1.65% 482 575.642857 4.904542 0.033615
73A May-11 8303 6084 352.141 26.73% 183 3.01% 233 258.625 4.587531 0.016144
73B May-11 4669 3347 360.081 28.31% 112 3.35% 214 235.576923 4.730628 0.013619
73C May-11 4234 3001 343.224 29.12% 41 1.37% 247 296.875 4.827766 0.012515
74A May-11 4131 3106 357.962 24.81% 168 5.41% 292 362.222222 4.705666 0.018247
74B May-11 4258 3153 363.811 25.95% 53 1.68% 362 463.12766 5.184428 0.009197
74C May-11 11980 8795 356.656 26.59% 187 2.13% 419 523.071429 5.219002 0.008658
75A May-11 10258 7692 343.918 25.01% 575 7.48% 616 827.5 5.363103 0.010607
75B May-11 7792 5660 358.453 27.36% 148 2.61% 1695 2540.55372 6.833158 0.002145
75C May-11 5759 4117 358.344 28.51% 186 4.52% 1545 2783.59136 6.873595 0.001808
76A May-11 9603 6846 349.193 28.71% 347 5.07% 991 1398.82258 5.924743 0.006273
76B May-11 11055 8261 360.629 25.27% 303 3.67% 482 567.105263 5.445717 0.006685
76C May-11 23770 16999 355.901 28.49% 721 4.24% 3020 4032.04082 7.304843 0.001304
77A May-11 7193 5586 344.913 22.34% 229 4.10% 361 494.9 4.851416 0.015743
77B May-11 9706 7028 347.945 27.59% 418 5.95% 1296 1913.6037 6.077926 0.009185
77C May-11 9195 6400 342.718 30.40% 407 6.36% 1298 2124.56198 6.129727 0.006283
78A May-11 10172 7388 353.746 27.37% 1006 13.62% 875 1179.45402 5.751068 0.007487
78B May-11 7868 5612 348.692 28.67% 370 6.59% 1396 2190.89079 6.421241 0.004531
78C May-11 8565 5900 343.54 31.12% 421 7.14% 1221 1921.41732 6.12094 0.006378
79A May-11 9616 6630 341.276 31.05% 573 8.64% 868 1384.38125 5.601251 0.008389
79B May-11 8201 5275 334.083 35.68% 323 6.12% 1230 2140.92105 6.219591 0.005129
79C May-11 5987 4050 350.395 32.35% 275 6.79% 1200 1894.43173 6.412837 0.003821
80A May-11 7051 5014 336.196 28.89% 299 5.96% 955 1599.9162 5.680133 0.011531
80B May-11 6610 4658 341.931 29.53% 328 7.04% 1273 2187.52016 6.349946 0.004684
Dune
Dune
Open Beach
Near Water
Open Beach
Open Beach
Dune
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Table B2a: Sequence details for May 2010, June 2010, August 2010, and December 2010 
samples from Dauphin Island, AL, including total raw sequences, trimmed, chimeric, OTUs 
(96% sequence identity), Chao1, Shannon, and Simpson’s indices 
 
  
Sample 
Code
Time Location
Number of 
Seqs. (raw)
Number of 
Seqs. After 
Trimming
Average Seq. 
Length After 
Trimming
% 
Trimmed
Chimeric
% 
Chimeric
Unique 
Sequences
OTUs (96% 
sequence 
identity)
Chao1 Shannon Simpson
3A May-10 2306 1891 389.441 18.00% 90 4.76% 1486 71 82.666667 3.61257 0.035161
3B May-10 4004 3231 396.816 19.31% 299 9.25% 2531 114 137.75 3.925117 0.036225
3C May-10 2039 1590 384.986 22.02% 63 3.96% 1361 91 128.8 3.600917 0.04859
6A May-10 3781 3102 384.211 17.96% 33 1.06% 2699 94 121.6 3.559843 0.04597
6B May-10 894 736 383.352 17.67% 16 2.17% 573 28 40 2.50042 0.110021
7B May-10 Near Water 4132 3122 394.141 24.44% 278 8.90% 2370 108 121.636364 3.52972 0.059502
23A Jun-10 7270 5080 333.51 30.12% 131 2.58% 4522 823 1198.4698 5.86293 0.005335
23B Jun-10 5491 3631 387.009 33.87% 85 2.34% 3251 647 993.258929 5.64293 0.00687
23C Jun-10 13145 5270 354.571 59.91% 157 2.98% 4003 378 511.474576 4.702853 0.020729
24A Jun-10 5739 2689 370.155 53.15% 93 3.46% 2226 459 726.118421 5.342592 0.008765
24B Jun-10 13442 4290 374.85 68.09% 79 1.84% 3511 527 815.920455 4.967345 0.027331
24C Jun-10 17047 5200 359.202 69.50% 63 1.21% 4018 997 1670.3871 5.895726 0.009598
25A Jun-10 15158 5919 364.189 60.95% 90 1.52% 4525 1084 1845.875 5.901786 0.011461
25B Jun-10 11312 5265 371.29 53.46% 45 0.85% 4193 501 727.448276 4.938993 0.015344
25C Jun-10 2511 1299 366.049 48.27% 7 0.54% 1018 416 954.394366 5.13784 0.021922
26A Jun-10 14575 7798 372.761 46.50% 52 0.67% 4407 956 1947.09091 5.119713 0.036448
26B Jun-10 9783 5256 354.367 46.27% 72 1.37% 3757 293 368.307692 4.336893 0.027017
26C Jun-10 17116 9631 371.802 43.73% 82 0.85% 4905 706 1175.80769 4.481833 0.068973
27A Jun-10 14526 6896 371.093 52.53% 51 0.74% 5690 1140 1694.95545 6.158993 0.004895
27B Jun-10 2458 1168 358.267 52.48% 30 2.57% 899 208 503.043478 4.474099 0.020634
27C Jun-10 2825 1256 362.092 55.54% 7 0.56% 1049 348 742.833333 5.136911 0.011219
28A Jun-10 13193 6670 306.492 49.44% 1215 18.22% 4744 1521 2547.22997 6.198302 0.007482
28B Jun-10 13193 6670 331.132 49.44% 179 2.68% 6585 1520 2547.11073 6.189518 0.007616
28C Jun-10 12352 9192 327.511 25.58% 574 6.24% 7153 782 1126.98387 5.473541 0.009242
28O Jun-10 6263 1710 352.242 72.70% 96 5.61% 1466 252 500.108108 4.448013 0.023931
30A Aug-10 9505 7780 386.442 18.15% 201 2.58% 6787 884 1133.27068 5.807154 0.008956
30B Aug-10 3560 2876 397.047 19.21% 66 2.29% 2541 279 340.416667 4.912281 0.013879
30C Aug-10 3517 2850 407.392 18.97% 137 4.81% 2240 125 160.428571 3.434594 0.079314
33A Aug-10 9311 7728 374.811 17.00% 452 5.85% 5536 360 447.42 4.390608 0.034101
33B Aug-10 5780 4749 388.112 17.84% 132 2.78% 3977 158 193.2 4.057171 0.032821
33C Aug-10 6307 5189 405.787 17.73% 135 2.60% 4785 962 1265.47143 6.348135 0.002622
34A Aug-10 4537 3543 383.433 21.91% 136 3.84% 2816 151 189.153846 4.25952 0.019973
34B Aug-10 5843 4847 402.927 17.05% 154 3.18% 4327 744 907.428571 5.947081 0.004806
34C Aug-10 4623 3824 408.567 17.28% 62 1.62% 2772 313 418.107143 3.812492 0.095984
53A Dec-10 8043 5204 294.493 35.30% 144 2.77% 4349 814 1190.04082 5.861193 0.005405
53B Dec-10 2906 1764 290.866 39.30% 29 1.64% 1374 349 544.151515 5.033623 0.017323
53C Dec-10 3421 2160 292.913 36.86% 61 2.82% 1722 481 912.060241 5.29269 0.012471
54A Dec-10 3749 2376 293.676 36.62% 46 1.94% 1920 617 1183.16 5.790079 0.005435
54B Dec-10 2918 1837 289.783 37.05% 44 2.40% 1409 400 637.538462 5.307643 0.009619
54C Dec-10 6290 4145 297.67 34.10% 41 0.99% 3495 940 1447.60938 6.093522 0.004894
48A Dec-10 14750 10375 337.488 29.66% 419 4.04% 9115 2322 3869.24824 6.865202 0.002519
48B Dec-10 8343 6205 338.456 25.63% 520 8.38% 5156 1614 3075.46875 6.473265 0.004742
48C Dec-10 4945 3093 373.858 37.45% 130 4.20% 2596 885 1957.38776 5.811713 0.009073
49A Dec-10 12461 5208 367.441 58.21% 102 1.96% 4474 1450 2577.55636 6.5662 0.003007
49B Dec-10 7136 5095 338.501 28.60% 196 3.85% 4622 2022 3900.75591 7.151417 0.001219
49C Dec-10 15550 9420 343.704 39.42% 433 4.60% 8414 3040 5419.01764 7.445044 0.001059
50A Dec-10 7143 4052 343.705 43.27% 111 2.74% 3706 1450 2368.99381 6.761081 0.002027
50B Dec-10 9373 6743 331.535 28.06% 280 4.15% 5642 1371 2476.80709 5.959215 0.012278
50C Dec-10 9018 4995 342.761 44.61% 191 3.82% 4507 1877 3623.75637 7.015026 0.00152
51A Dec-10 8818 6464 341.555 26.70% 153 2.37% 5848 2051 3662.43615 6.813032 0.003377
51B Dec-10 4563 2902 286.126 36.40% 69 2.38% 2503 1201 2911.32432 6.58468 0.002802
52A Dec-10 12642 9195 342.051 27.27% 245 2.66% 6658 473 689.442623 4.718629 0.023461
Open Beach 
Foreshore
Open Beach 
Backshore 
Dune
Open Beach
Dune
Open Beach 
Backshore
Dune
Near Water
Open Beach
Dune
Near Water
Near Water
Open Beach 
Foreshore
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Table B2b: Sequence details for May 2011 samples from Dauphin Island, AL, including total 
raw sequences, trimmed, chimeric, OTUs (96% sequence identity), Chao1, Shannon, and 
Simpson’s indices 
 
Sample 
Code
Time Location
Number of 
Seqs. (raw)
Number of 
Seqs. After 
Trimming
Average 
Seq. 
Length 
After 
Trimming
% 
Trimmed
Chimeric % Chimeric
Unique 
Sequences
OTUs 
(96% 
sequence 
identity)
Chao1 Shannon Simpson
58A May-11 6877 4740 380.58 31.07% 288 6.08% 3865 939 1377.68 6.10569 0.004388
58B May-11 6053 4500 382.845 25.66% 312 6.93% 3845 910 1361.154 6.110324 0.003999
58C May-11 6726 4977 379.196 26.00% 268 5.38% 4552 932 1334.421 6.144377 0.00359
59A May-11 5981 3822 379.024 36.10% 176 4.60% 3226 816 1151.16 5.967661 0.005492
59B May-11 6620 4879 393.682 26.30% 119 2.44% 4295 1172 1801.612 6.346918 0.003576
59C May-11 7537 5674 389.234 24.72% 552 9.73% 4492 1155 1718.271 6.174504 0.005825
60A May-11 7642 5141 386.767 32.73% 309 6.01% 4186 849 1155 5.850934 0.008024
60B May-11 7240 5388 391.194 25.58% 110 2.04% 4503 1147 1741.244 6.211106 0.006933
60C May-11 6566 5138 400.812 21.75% 217 4.22% 3747 766 1200.47 4.888071 0.047595
62A May-11 8224 6229 406.533 24.26% 783 12.57% 4092 468 754.3636 4.262825 0.0444
62B May-11 6667 4799 380.41 28.02% 653 13.61% 3686 1127 2020.265 6.041055 0.008738
62C May-11 7275 4698 375.688 35.42% 394 8.39% 3684 953 1642.663 5.794334 0.010835
63A May-11 6889 4724 401.927 31.43% 476 10.08% 3098 342 519.7941 3.90956 0.089924
63B May-11 6709 5224 374.954 22.13% 458 8.77% 3713 775 1520.279 5.141413 0.023673
63C May-11 5562 4060 389.134 27.00% 314 7.73% 2976 543 963.1546 4.67464 0.034465
64A May-11 11637 8518 349.291 26.80% 952 11.18% 6072 787 1200.186 5.282246 0.016582
64B May-11 7562 5516 344.658 27.06% 905 16.41% 4252 1264 2280.463 6.204506 0.005919
64C May-11 6634 4572 329.385 31.08% 515 11.26% 3573 1117 1983.329 6.140379 0.006821
65A May-11 11957 7244 331.615 39.42% 432 5.96% 5524 539 720.2165 5.011663 0.014769
65B May-11 11105 8110 355.492 26.97% 383 4.72% 7032 1674 2469.891 6.55336 0.003622
65C May-11 7597 5370 349.277 29.31% 176 3.28% 4638 1210 1926.091 6.13944 0.006456
67A May-11 8207 5963 349.303 27.34% 335 5.62% 5367 2114 3600.716 7.171453 0.001267
67B May-11 9597 6954 351.45 27.54% 345 4.96% 6295 2297 3801.248 7.20121 0.001356
67C May-11 7935 5697 346.757 28.20% 216 3.79% 5240 1950 3208.496 7.092446 0.001327
68A May-11 7859 5716 355.062 27.27% 287 5.02% 5222 2169 3669.431 7.239221 0.001106
68B May-11 7520 5576 355.249 25.85% 276 4.95% 5120 2061 3453.5 7.125673 0.001446
68T May-11 8259 6411 360.086 22.38% 746 11.64% 4374 502 746.2247 4.764181 0.02296
Near Water
Dune
Open Beach 
Backshore
Open Beach 
Foreshore
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Table B3: Summary of taxonomic affiliations for 454 pyrosequence results for Grand Isle, Louisiana. The pyrosequences affiliated 
with Proteobacteria are reported for each class, but not added to total number of pyrosequences. 
 
 
Sample # Sample Date Alphaproteobacteria Betaproteobacteria Gammaproteobacteria Deltaproteobacteria Epsilonproteobacteria
18A May-10 73 88 250 4 0
18B May-10 84 16 38 32 1882
20A May-10 264 100 2239 261 78
20B May-10 313 15 1394 357 60
21B May-10 112 54 498 123 33
39A Aug-10 355 774 1113 67 146
39B Aug-10 374 398 1238 254 55
42A Aug-10 285 745 1736 267 17
42B Aug-10 0 0 19 0 0
43A Aug-10 367 61 1308 299 82
73A May-11 2402 149 507 64 0
73B May-11 826 187 349 64 5
73C May-11 687 135 410 28 0
74A May-11 424 143 89 38 0
74B May-11 515 188 192 187 4
74C May-11 915 744 1931 1063 3
75A May-11 1615 53 3819 46 3
75B May-11 876 653 802 653 18
75C May-11 418 43 587 784 211
76A May-11 2266 25 826 66 5
76B May-11 1512 274 2458 618 19
76C May-11 1908 274 2822 3048 754
77A May-11 1158 84 656 240 17
77B May-11 765 45 3301 490 390
77C May-11 681 19 2816 518 16
78A May-11 2981 21 2285 63 4
78B May-11 726 70 1816 9 4
78C May-11 1032 20 2581 340 93
79A May-11 1213 34 2592 116 0
79B May-11 663 55 1233 472 5
79C May-11 443 86 992 3 5
80A May-11 431 4 1886 223 6
80B May-11 457 45 1406 297 5
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Table B3: Summary of taxonomic affiliations for Grand Isle, (continued) 
 
 
Sample # Sample Date Acidobacteria Actinobacteria Aquificae Bacteriodetes Caldiserica Chlamydiae Chlorobi Chloroflexi Deferribacteres Deinococcus-Thermus
18A May-10 0 14 1 130 0 0 0 81 45 0
18B May-10 368 406 0 202 0 0 3 0 19 0
20A May-10 604 539 2 413 2 0 0 50 52 0
20B May-10 782 231 8 79 0 3 0 230 80 0
21B May-10 265 80 6 472 0 0 50 145 17 0
39A Aug-10 82 202 11 435 0 0 0 19 0 4
39B Aug-10 325 243 11 702 0 8 22 151 5 1
42A Aug-10 288 113 0 248 0 1 11 169 12 0
42B Aug-10 0 2 0 1 0 1 0 1 0 0
43A Aug-10 170 55 0 332 0 0 16 106 2 1
73A May-11 28 1890 0 171 0 0 0 6 0 1
73B May-11 76 1253 1 76 0 1 0 50 0 0
73C May-11 61 538 0 514 0 4 2 73 0 1
74A May-11 58 1722 0 133 0 0 0 11 0 4
74B May-11 303 888 7 70 10 6 2 131 0 4
74C May-11 1043 474 24 123 0 16 4 170 0 54
75A May-11 17 147 6 740 0 0 34 22 1 10
75B May-11 531 204 17 96 3 11 46 328 16 11
75C May-11 446 189 8 72 1 7 22 347 76 3
76A May-11 17 12 6 1040 0 1 2 12 3 9
76B May-11 667 797 5 173 0 7 69 177 29 0
76C May-11 1261 844 40 559 3 17 216 976 199 26
77A May-11 46 604 36 41 49 0 0 307 0 0
77B May-11 150 315 1 384 0 0 28 167 27 9
77C May-11 196 257 3 685 1 0 14 180 34 8
78A May-11 16 62 0 686 0 0 0 12 0 0
78B May-11 403 326 6 517 0 3 1 182 26 6
78C May-11 107 119 1 702 0 0 2 66 16 4
79A May-11 58 69 0 1689 0 0 4 52 9 2
79B May-11 247 222 1 1089 5 2 6 189 30 6
79C May-11 281 220 1 555 0 5 15 166 27 5
80A May-11 163 167 3 810 0 1 7 96 16 2
80B May-11 233 227 1 956 0 2 14 148 22 9
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Table B3: Summary of taxonomic affiliations for Grand Isle, continued. 
 
Sample # Sample Date Firmicutes Fusobacteria Gemmatimonadete Lentishaerae Nitrospira Planctomycetes Proteobacteria Spirochaetes Synergistales
18A May-10 546 82 0 0 0 0 415 0 0
18B May-10 2358 1 2 0 2 13 2052 3 0
20A May-10 2846 0 107 28 10 161 2942 0 2
20B May-10 1190 0 63 66 39 277 2139 0 12
21B May-10 5694 27 76 19 0 111 820 0 9
39A Aug-10 1161 0 116 4 0 12 2455 2 0
39B Aug-10 1226 13 70 25 56 91 2319 5 1
42A Aug-10 354 3 29 10 10 111 3050 5 0
42B Aug-10 38 0 0 0 1 1 19 0 2
43A Aug-10 2330 21 9 25 0 62 2117 13 0
73A May-11 444 0 0 17 40 43 3122 0 0
73B May-11 187 0 43 0 9 47 1428 0 0
73C May-11 150 0 12 50 10 113 1260 0 0
74A May-11 257 0 11 4 0 3 694 0 0
74B May-11 108 0 122 3 5 69 1086 16 1
74C May-11 675 1 104 24 406 516 4656 0 2
75A May-11 112 0 3 9 3 89 5536 1 11
75B May-11 209 0 100 45 476 209 3002 15 13
75C May-11 174 1 68 28 33 255 2043 18 48
76A May-11 41 0 2 21 1 63 3188 3 4
76B May-11 289 0 16 32 33 202 4881 28 84
76C May-11 879 137 253 187 89 1166 8806 171 133
77A May-11 1014 0 0 0 4 20 2155 3 2
77B May-11 254 4 26 24 13 88 4991 47 6
77C May-11 250 52 28 17 10 99 4050 13 19
78A May-11 51 1 1 5 4 5 5354 0 0
78B May-11 378 3 65 24 29 117 3067 5 22
78C May-11 164 1 15 13 25 55 4066 52 13
79A May-11 91 1 17 5 4 34 3955 5 9
79B May-11 350 5 69 13 13 117 2428 4 36
79C May-11 201 1 73 20 17 146 1960 7 19
80A May-11 566 2 32 8 4 105 2620 3 2
80B May-11 244 3 44 17 22 97 2210 2 19
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Table B3: Summary of taxonomic affiliations for Grand Isle, continued. 
 
Sample # Sample Date Thermodesulfobacteria Thermotogae Verrucomicrobia Bacteria_incertae_sedis Cyanobacteria TM7 WS3 Tenericutes
18A May-10 0 0 2 0 51 0 0 2
18B May-10 0 0 0 0 34 0 0 0
20A May-10 2 3 142 0 604 0 3 0
20B May-10 0 2 57 0 23 0 8 0
21B May-10 3 0 5 0 0 0 10 0
39A Aug-10 3 0 163 0 88 19 0 1
39B Aug-10 7 0 96 0 66 8 3 0
42A Aug-10 0 0 37 0 34 3 8 1
42B Aug-10 0 0 0 0 0 0 0 0
43A Aug-10 0 0 31 0 216 0 11 21
73A May-11 0 0 9 0 19 111 0 0
73B May-11 0 0 53 0 0 5 0 0
73C May-11 0 0 106 1 55 5 0 1
74A May-11 0 0 1 0 0 31 0 9
74B May-11 0 3 108 0 13 141 0 0
74C May-11 18 1 179 0 73 11 0 0
75A May-11 0 0 28 0 326 15 0 0
75B May-11 17 3 104 0 17 17 6 0
75C May-11 7 5 59 0 9 0 5 1
76A May-11 1 0 136 0 1936 0 0 0
76B May-11 4 0 19 0 305 111 12 2
76C May-11 29 4 126 4 35 55 17 11
77A May-11 0 0 208 0 864 0 0 3
77B May-11 6 1 24 3 7 7 4 17
77C May-11 3 0 48 0 4 0 5 8
78A May-11 1 0 53 0 129 0 0 0
78B May-11 7 0 34 0 8 4 2 1
78C May-11 3 1 25 0 1 1 2 20
79A May-11 0 0 12 0 40 1 0 0
79B May-11 5 1 33 3 63 1 10 2
79C May-11 5 1 31 2 2 2 6 1
80A May-11 3 0 46 0 40 2 6 8
80B May-11 2 3 37 0 8 0 4 0
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Table B3: Summary of taxonomic affiliations for Grand Isle, continued. 
 
Sample # Sample Date SR1 Chrysiogenetes OD1 OP10 BRC1 Fibrobacteres OP11 UnclassifiedWS3 UnclassifiedTM7 UnclassifiedOD1
18A May-10 0 0 0 0 0 0 0 0 0 0
18B May-10 0 0 0 0 0 0 0 0 0 0
20A May-10 2 0 0 0 0 0 0 3 0 0
20B May-10 0 1 0 0 0 0 0 8 0 0
21B May-10 0 0 7 0 0 0 0 10 0 7
39A Aug-10 0 0 0 13 0 0 0 0 19 0
39B Aug-10 0 3 2 3 0 0 0 3 8 2
42A Aug-10 0 0 0 0 6 0 0 8 3 0
42B Aug-10 0 0 0 0 0 0 0 0 0 0
43A Aug-10 0 0 0 0 0 2 0 11 0 0
73A May-11 0 0 0 0 0 0 0 0 111 0
73B May-11 0 0 0 6 0 0 0 0 5 0
73C May-11 0 0 1 0 0 0 0 0 5 1
74A May-11 0 0 0 0 0 0 0 0 31 0
74B May-11 0 0 3 0 1 0 0 0 141 3
74C May-11 0 0 7 0 0 0 0 0 11 7
75A May-11 0 0 0 0 1 0 0 0 15 0
75B May-11 0 0 0 1 1 0 0 6 17 0
75C May-11 0 0 1 2 0 0 0 5 0 1
76A May-11 0 1 0 0 0 0 0 0 0 0
76B May-11 0 2 4 0 0 0 0 12 111 4
76C May-11 0 3 20 0 4 0 1 17 55 20
77A May-11 0 0 0 0 0 0 0 0 0 0
77B May-11 0 0 2 0 0 0 0 4 7 2
77C May-11 0 1 4 1 0 0 0 5 0 4
78A May-11 0 1 1 0 0 0 0 0 0 1
78B May-11 0 0 0 0 0 0 0 2 4 0
78C May-11 3 0 2 0 0 0 0 2 1 2
79A May-11 0 0 0 0 0 0 0 0 1 0
79B May-11 0 0 0 0 0 0 0 10 1 0
79C May-11 0 0 5 0 0 0 0 6 2 5
80A May-11 0 0 0 0 0 0 0 6 2 0
80B May-11 0 0 0 0 0 0 0 4 0 0
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Table B3: Summary of taxonomic affiliations for Grand Isle, continued. 
 
Sample # Sample Date UnclassifiedSR1 UnclassifiedOP10 UnclassifiedOP11 Unclassified-BRC1 Total
18A May-10 0 0 0 0 1369
18B May-10 0 0 0 0 5463
20A May-10 2 0 0 0 8514
20B May-10 0 0 0 0 5290
21B May-10 0 0 0 0 7816
39A Aug-10 0 13 0 0 4792
39B Aug-10 0 3 0 0 5462
42A Aug-10 0 0 0 6 4503
42B Aug-10 0 0 0 0 73
43A Aug-10 0 0 0 0 5540
73A May-11 0 0 0 0 5901
73B May-11 0 6 0 0 3235
73C May-11 0 0 0 0 2957
74A May-11 0 0 0 0 2596
74B May-11 0 0 0 1 3100
74C May-11 0 0 0 0 8582
75A May-11 0 0 0 1 7111
75B May-11 0 1 0 1 5504
75C May-11 0 2 0 0 3928
76A May-11 0 0 0 0 6499
76B May-11 0 0 0 0 7946
76C May-11 0 0 1 4 16271
77A May-11 0 0 0 0 5356
77B May-11 0 0 0 0 6608
77C May-11 0 1 0 0 5990
78A May-11 0 0 0 0 6382
78B May-11 0 0 0 0 5236
78C May-11 3 0 0 0 5479
79A May-11 0 0 0 0 6057
79B May-11 0 0 0 0 4952
79C May-11 0 0 0 0 3774
80A May-11 0 0 0 0 4712
80B May-11 0 0 0 0 4326
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Table B3: Summary of taxonomic affiliations for 454 pyrosequence results for Dauphin Island, Alabama. The pyrosequences affiliated 
with Proteobacteria are reported for each class, but not added to total number of pyrosequences. 
 
 
 
 
Sample # Sample Date Alphaproteobacteria Betaproteobacteria Gammaproteobacteria Deltaproteobacteria Epsilonproteobacteria
3_Composite May-10 109 305 936 312 159
6_Composite May-10 106 29 650 21 21
7_Composite May-10 106 18 664 19 650
23A Jun-10 897 701 243 186 16
23B Jun-10 316 571 173 159 9
23C Jun-10 1104 849 95 106 1
24A Jun-10 294 405 122 70 6
24B Jun-10 1505 671 169 87 34
24C Jun-10 421 1339 596 314 4
25A Jun-10 409 1918 724 373 6
25B Jun-10 1153 980 119 67 4
25C Jun-10 68 499 137 55 2
26A Jun-10 282 4912 419 221 8
26B Jun-10 802 1268 432 18 0
26C Jun-10 237 7202 619 155 7
27A Jun-10 492 1105 997 460 47
27B Jun-10 178 225 63 12 0
27C Jun-10 220 100 187 71 2
28A Jun-10 1168 54 3342 29 8
28B Jun-10 1143 149 3255 316 12
28C Jun-10 1959 419 565 23 3
30A Aug-10 329 578 1437 356 39
30B Aug-10 63 101 177 119 36
30C Aug-10 72 58 170 3 37
33A Aug-10 252 56 1229 152 3
33B Aug-10 62 44 1525 0 11
33C Aug-10 333 77 962 443 28
34A Aug-10 264 137 661 49 3
34B Aug-10 432 504 1500 337 35
34C Aug-10 83 108 2296 40 22
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (Dec 2010 and May 2011), continued. 
 
Sample # Sample Date Alphaproteobacteria Betaproteobacteria Gammaproteobacteria Deltaproteobacteria Epsilonproteobacteria
53A Dec-10 1071 1034 156 97 1
53B Dec-10 112 286 42 70 1
53C Dec-10 173 444 284 154 2
54A Dec-10 494 366 181 71 2
54B Dec-10 90 336 69 96 2
54C Dec-10 309 977 470 360 7
48A Dec-10 1714 947 2561 930 9
48B Dec-10 676 719 2209 471 49
48C Dec-10 162 432 1072 241 14
49A Dec-10 712 375 629 254 8
49B Dec-10 775 70 1206 595 41
49C Dec-10 995 108 2152 908 17
50A Dec-10 554 79 779 241 5
50B Dec-10 607 74 2738 143 4
50C Dec-10 605 70 1310 327 11
51A Dec-10 579 83 1504 377 13
51B Dec-10 348 33 668 855 6
52A Dec-10 3958 770 67 315 2
58A May-11 949 341 183 110 5
58B May-11 1063 386 213 114 15
58C May-11 703 304 74 129 15
59A May-11 819 169 117 123 8
59B May-11 597 306 215 308 6
59C May-11 682 1066 323 261 8
60A May-11 1040 158 194 164 3
60B May-11 446 342 379 334 2
60C May-11 167 61 1243 173 3
62A May-11 512 16 105 19 0
62B May-11 179 68 859 439 1128
62C May-11 343 88 1276 413 234
63A May-11 641 320 226 8 0
63B May-11 137 133 439 297 2465
63C May-11 150 34 364 196 2282
64A May-11 2091 120 744 68 0
64B May-11 877 16 1691 295 23
64C May-11 631 40 1130 131 3
65A May-11 2526 531 145 131 0
65B May-11 1005 538 2278 364 13
65C May-11 599 274 1321 360 11
67A May-11 688 90 1698 618 12
67B May-11 644 86 2196 677 18
67C May-11 467 79 1710 715 9
68A May-11 557 78 1731 711 20
68B May-11 463 77 1771 686 22
68T May-11 1126 12 3805 222 122
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (May, June, and August 2010) ,continued. 
 
 
Sample # Sample Date Proteobacteria Acidobacteria Actinobacteria Aquificae Bacteriodetes Caldiserica Chlamydiae Chlorobi Chloroflexi Deferribacteres Deinococcus-Thermus
3_Composite May-10 1821 2 513 0 283 3 0 0 50 21 0
6_Composite May-10 827 0 621 0 99 0 0 0 0 0 1
7_Composite May-10 1457 89 31 0 115 0 0 0 1 0 0
23A Jun-10 2043 689 599 47 643 3 1 0 191 2 9
23B Jun-10 1228 599 317 28 486 7 3 2 113 0 4
23C Jun-10 2155 697 645 4 1236 0 0 0 44 0 19
24A Jun-10 897 502 237 19 466 1 2 0 118 1 0
24B Jun-10 2466 394 161 13 719 8 3 2 79 7 0
24C Jun-10 2674 526 415 6 310 4 5 6 99 2 4
25A Jun-10 3430 534 401 10 369 5 13 24 159 6 5
25B Jun-10 2323 1033 429 31 869 0 0 3 104 0 29
25C Jun-10 761 116 47 2 110 1 2 2 44 2 1
26A Jun-10 5842 290 146 5 313 1 15 6 110 2 7
26B Jun-10 2520 506 153 2 1841 0 0 0 17 0 21
26C Jun-10 8220 341 225 2 151 0 18 12 82 1 2
27A Jun-10 3101 706 396 14 1017 2 19 7 267 1 5
27B Jun-10 478 247 132 1 195 2 0 0 15 5 0
27C Jun-10 580 190 140 0 170 1 2 3 23 0 1
28A Jun-10 4601 10 23 1 769 0 0 0 1 0 0
28B Jun-10 4875 262 558 8 1085 0 1 1 154 12 11
28C Jun-10 2969 3 31 1 1471 0 2 2 25 0 3
30A Aug-10 2739 506 643 6 191 3 14 9 73 6 19
30B Aug-10 496 162 423 0 48 3 1 0 43 0 0
30C Aug-10 340 18 30 3 65 0 0 0 17 0 0
33A Aug-10 1692 215 212 1 472 0 2 0 56 19 2
33B Aug-10 1642 0 552 2 130 0 3 0 0 0 0
33C Aug-10 1843 637 442 4 261 1 4 2 129 18 9
34A Aug-10 1114 78 412 0 253 0 1 0 11 0 0
34B Aug-10 2808 269 232 3 292 0 2 12 74 18 4
34C Aug-10 2549 46 156 0 131 0 0 1 13 9 1
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (December 2010 and May 2011), continued. 
 
Sample # Sample Date Proteobacteria Acidobacteria Actinobacteria Aquificae Bacteriodetes Caldiserica Chlamydiae Chlorobi Chloroflexi Deferribacteres Deinococcus-Thermus
53A Dec-10 2359 272 649 7 931 0 0 0 56 0 33
53B Dec-10 511 579 356 8 47 0 0 0 46 0 3
53C Dec-10 1057 570 141 7 32 2 0 0 56 1 1
54A Dec-10 1114 105 269 3 301 1 0 1 36 2 21
54B Dec-10 593 380 362 5 60 1 1 1 59 0 8
54C Dec-10 2123 600 206 7 148 4 8 3 152 2 7
48A Dec-10 6161 613 320 7 443 0 7 27 153 30 8
48B Dec-10 4124 303 190 1 219 2 1 6 140 33 0
48C Dec-10 1921 193 49 1 325 2 4 4 46 20 0
49A Dec-10 1978 386 412 14 989 0 0 19 145 10 12
49B Dec-10 2687 330 226 7 354 0 4 15 243 39 6
49C Dec-10 4180 485 371 6 1074 0 11 19 520 106 6
50A Dec-10 1658 341 452 4 393 0 6 0 103 12 9
50B Dec-10 3566 181 189 2 1052 0 5 0 71 7 3
50C Dec-10 2323 334 308 7 513 0 6 4 151 37 9
51A Dec-10 2556 348 344 8 478 1 3 2 177 32 7
51B Dec-10 1910 200 193 6 269 0 2 5 105 18 5
52A Dec-10 5112 624 1121 1 1581 0 0 1 34 0 25
58A May-11 1588 331 1321 11 438 1 1 2 89 0 53
58B May-11 1791 420 907 36 284 1 2 0 107 0 19
58C May-11 1225 602 1675 12 332 6 0 0 187 1 57
59A May-11 1236 327 1031 10 359 0 1 5 90 1 62
59B May-11 1432 1580 546 16 56 24 2 4 265 5 7
59C May-11 2340 1190 567 10 62 6 1 1 225 4 3
60A May-11 1559 562 1456 12 338 0 0 0 162 0 16
60B May-11 1503 1124 1269 15 112 2 1 7 185 1 10
60C May-11 1647 645 146 4 43 1 3 4 82 1 0
62A May-11 652 0 79 2 204 0 1 0 13 0 19
62B May-11 2673 75 89 2 403 1 5 24 233 48 7
62C May-11 2354 101 112 2 887 1 11 71 204 39 10
63A May-11 1195 2 371 1 435 0 0 0 8 0 4
63B May-11 3471 87 28 0 462 0 3 24 35 39 1
63C May-11 3026 53 33 2 260 0 2 7 35 9 4
64A May-11 3023 3 227 0 694 0 1 0 12 2 64
64B May-11 2902 72 103 6 1076 0 2 4 41 12 1
64C May-11 1935 48 96 5 1696 0 3 4 39 11 0
65A May-11 3333 22 583 5 2440 0 0 0 10 0 9
65B May-11 4198 724 278 5 801 1 16 16 95 10 17
65C May-11 2565 466 163 2 1239 1 4 12 56 3 5
67A May-11 3106 499 309 6 531 0 9 5 145 52 4
67B May-11 3621 445 351 7 685 0 10 9 187 69 13
67C May-11 2980 441 280 6 495 3 7 4 155 47 6
68A May-11 3097 376 322 6 360 1 11 2 164 59 5
68B May-11 3019 359 272 4 455 0 8 5 172 54 7
68T May-11 5287 72 34 2 75 0 0 5 47 7 2
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (May, June, and August 2010), continued. 
 
Sample # Sample Date Firmicutes Fusobacteria Gemmatimonadete Lentishaerae Nitrospira Planctomycetes Spirochaetes Synergistales
3_Composite May-10 3403 28 0 0 0 0 0 2
6_Composite May-10 2218 2 0 0 0 0 0 0
7_Composite May-10 1119 18 0 0 10 4 0 0
23A Jun-10 243 5 148 12 17 78 0 2
23B Jun-10 291 0 70 3 21 78 0 1
23C Jun-10 129 4 71 1 3 26 0 1
24A Jun-10 119 2 93 2 23 35 0 1
24B Jun-10 146 0 55 10 5 80 1 1
24C Jun-10 243 1 55 26 116 261 10 1
25A Jun-10 163 0 79 34 70 232 4 2
25B Jun-10 166 4 61 0 15 62 0 1
25C Jun-10 53 0 26 2 12 52 1 0
26A Jun-10 206 0 46 11 112 86 4 3
26B Jun-10 52 0 30 0 1 20 0 1
26C Jun-10 101 0 43 25 53 147 3 0
27A Jun-10 295 0 77 45 289 296 3 3
27B Jun-10 17 0 14 0 5 15 0 0
27C Jun-10 24 0 11 4 15 62 0 0
28A Jun-10 10 0 0 4 0 19 1 2
28B Jun-10 60 0 14 46 85 337 2 1
28C Jun-10 60 0 93 11 1 64 4 0
30A Aug-10 2617 35 135 15 103 167 4 16
30B Aug-10 1428 35 17 5 20 9 1 2
30C Aug-10 2147 0 10 0 4 22 0 0
33A Aug-10 4437 0 1 12 15 37 0 9
33B Aug-10 2230 0 0 0 0 3 2 0
33C Aug-10 920 6 63 75 53 336 4 1
34A Aug-10 1408 0 36 3 0 29 0 0
34B Aug-10 443 20 76 32 66 182 9 2
34C Aug-10 739 1 10 8 35 22 1 2
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (December 2010 and May 2011), continued. 
 
Sample # Sample Date Firmicutes Fusobacteria Gemmatimonadete Lentishaerae Nitrospira Planctomycetes Spirochaetes Synergistales
53A Dec-10 151 10 146 2 11 86 0 0
53B Dec-10 51 0 38 2 12 32 0 0
53C Dec-10 51 1 60 0 29 39 0 1
54A Dec-10 150 6 46 2 10 55 0 0
54B Dec-10 130 2 46 1 19 36 0 1
54C Dec-10 165 0 130 19 157 155 2 4
48A Dec-10 369 0 189 43 421 606 4 5
48B Dec-10 76 8 33 42 90 244 5 1
48C Dec-10 42 4 13 18 34 199 6 0
49A Dec-10 213 1 39 21 80 285 3 1
49B Dec-10 155 34 29 85 117 354 9 7
49C Dec-10 313 24 23 141 101 787 23 9
50A Dec-10 134 0 32 36 49 318 3 2
50B Dec-10 42 2 10 40 39 181 3 3
50C Dec-10 106 0 18 49 85 310 4 4
51A Dec-10 116 0 37 141 79 462 11 2
51B Dec-10 52 2 15 31 43 166 3 0
52A Dec-10 117 15 111 1 3 44 0 0
58A May-11 210 2 99 3 16 137 1 2
58B May-11 129 0 224 1 9 161 0 1
58C May-11 89 0 270 4 7 130 0 4
59A May-11 134 0 71 4 11 184 1 2
59B May-11 309 0 38 7 29 306 0 0
59C May-11 369 0 24 2 15 189 1 1
60A May-11 245 0 30 2 7 128 0 2
60B May-11 179 1 88 26 60 266 0 1
60C May-11 2045 0 47 22 48 102 0 3
62A May-11 4046 0 0 6 0 43 0 0
62B May-11 213 16 3 52 28 109 77 0
62C May-11 151 34 7 48 3 106 73 1
63A May-11 2059 0 0 6 0 29 0 0
63B May-11 463 0 3 20 17 70 9 0
63C May-11 186 4 1 6 5 56 12 0
64A May-11 3066 0 0 14 0 82 12 3
64B May-11 153 20 5 20 11 89 6 2
64C May-11 62 0 6 18 15 72 7 1
65A May-11 259 0 21 0 9 75 0 0
65B May-11 176 0 145 56 125 224 2 1
65C May-11 115 0 81 29 90 186 0 0
67A May-11 116 1 45 64 135 303 20 1
67B May-11 137 0 55 74 142 368 17 12
67C May-11 133 5 59 80 127 360 16 10
68A May-11 117 5 50 53 142 332 20 5
68B May-11 117 1 62 65 141 330 16 7
68T May-11 43 0 4 7 0 38 10 4
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (May, June, and August 2010), continued. 
 
 
Sample # Sample Date Thermodesulfobacteria Thermotogae Verrucomicrobia Bacteria_incertae_sedis Cyanobacteria TM7 WS3 Tenericutes
3_Composite May-10 0 1 7 0 48 0 0 20
6_Composite May-10 0 0 0 0 6 0 0 0
7_Composite May-10 0 0 0 0 0 3 0 0
23A Jun-10 4 9 101 5 4 43 0 0
23B Jun-10 6 4 240 1 2 23 0 2
23C Jun-10 0 0 5 44 6 4 0 1
24A Jun-10 2 0 50 8 1 9 0 0
24B Jun-10 8 0 37 0 3 4 0 0
24C Jun-10 298 7 43 1 2 5 10 0
25A Jun-10 129 2 121 0 6 2 22 0
25B Jun-10 1 0 9 22 36 18 2 0
25C Jun-10 36 0 12 0 2 3 1 0
26A Jun-10 380 1 78 0 12 43 21 1
26B Jun-10 0 0 0 3 5 12 0 0
26C Jun-10 52 4 43 0 1 8 10 0
27A Jun-10 100 7 143 0 3 19 40 0
27B Jun-10 0 0 7 0 2 1 0 0
27C Jun-10 2 0 8 0 4 7 1 0
28A Jun-10 0 0 1 1 8 1 1 0
28B Jun-10 2 3 29 1 75 4 10 0
28C Jun-10 0 0 602 1 3267 5 0 0
30A Aug-10 39 4 32 1 90 1 39 3
30B Aug-10 2 17 26 0 49 1 17 0
30C Aug-10 4 17 15 0 19 0 0 0
33A Aug-10 0 0 10 0 89 0 2 0
33B Aug-10 0 0 6 0 28 0 0 0
33C Aug-10 1 2 21 0 162 1 26 1
34A Aug-10 0 2 0 0 33 0 0 0
34B Aug-10 0 2 59 0 59 14 11 0
34C Aug-10 0 1 6 2 23 3 2 0
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (December 2010 and May 2011), continued. 
 
Sample # Sample Date Thermodesulfobacteria Thermotogae Verrucomicrobia Bacteria_incertae_sedis Cyanobacteria TM7 WS3 Tenericutes
53A Dec-10 5 0 23 4 260 22 0 4
53B Dec-10 1 0 26 0 579 18 0 0
53C Dec-10 2 2 33 0 1 0 4 0
54A Dec-10 2 0 33 0 165 6 0 0
54B Dec-10 8 2 34 0 1 17 3 0
54C Dec-10 16 0 135 0 27 1 30 0
48A Dec-10 3 0 143 0 333 22 12 3
48B Dec-10 0 1 23 2 132 2 1 2
48C Dec-10 1 1 21 0 50 0 6 0
49A Dec-10 4 0 50 0 398 18 5 7
49B Dec-10 5 3 79 0 89 11 5 4
49C Dec-10 7 5 159 1 503 14 14 7
50A Dec-10 1 3 16 0 354 5 7 0
50B Dec-10 0 0 36 0 1026 1 1 1
50C Dec-10 1 2 48 0 463 13 4 0
51A Dec-10 10 6 48 1 1411 7 10 1
51B Dec-10 2 1 38 0 420 1 2 0
52A Dec-10 0 0 3 21 13 34 0 4
58A May-11 7 0 43 3 76 2 3 0
58B May-11 7 0 35 9 10 28 0 0
58C May-11 4 2 74 8 6 7 0 2
59A May-11 9 4 16 1 79 2 1 0
59B May-11 23 28 20 0 3 5 39 0
59C May-11 28 11 11 1 2 14 12 5
60A May-11 8 3 25 0 260 12 3 0
60B May-11 11 8 77 0 260 5 63 0
60C May-11 8 0 26 0 22 0 10 0
62A May-11 1 0 35 0 335 0 0 8
62B May-11 6 2 17 1 30 3 15 4
62C May-11 5 0 25 0 33 4 10 5
63A May-11 1 0 7 0 129 0 0 1
63B May-11 0 0 14 1 13 0 0 0
63C May-11 1 1 11 0 5 1 0 25
64A May-11 1 0 196 0 232 0 0 1
64B May-11 3 0 52 0 15 0 3 11
64C May-11 0 0 20 0 11 3 4 0
65A May-11 1 0 2 0 5 11 0 0
65B May-11 7 1 278 0 0 533 8 0
65C May-11 5 0 78 3 5 67 6 1
67A May-11 5 5 61 3 188 3 8 0
67B May-11 5 3 59 1 324 4 4 0
67C May-11 12 3 52 2 186 2 4 0
68A May-11 5 3 61 3 212 0 11 0
68B May-11 3 6 29 1 156 1 7 0
68T May-11 0 0 2 1 14 1 10 0
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (May, June, and August 2010), continued. 
 
Sample # Sample Date SR1 Chrysiogenetes OD1 OP10 BRC1 Fibrobacteres OP11 UnclassifiedTM7
3_Composite May-10 0 0 0 0 0 0 0 0
6_Composite May-10 0 0 0 0 0 0 0 0
7_Composite May-10 0 0 0 0 0 0 0 3
23A Jun-10 0 5 5 33 8 0 0 43
23B Jun-10 0 0 5 8 1 0 0 23
23C Jun-10 0 0 3 13 0 0 0 4
24A Jun-10 0 0 4 1 2 0 0 9
24B Jun-10 0 0 3 0 0 0 0 4
24C Jun-10 0 0 1 1 1 0 5
25A Jun-10 0 0 0 6 0 0 0 2
25B Jun-10 0 0 0 1 1 0 0 18
25C Jun-10 0 0 1 2 1 0 0 3
26A Jun-10 0 0 2 2 0 0 0 43
26B Jun-10 0 0 0 0 0 0 0 12
26C Jun-10 0 1 0 2 1 0 0 8
27A Jun-10 0 0 0 26 3 0 0 19
27B Jun-10 0 0 0 0 1 0 0 1
27C Jun-10 0 0 0 0 0 0 0 7
28A Jun-10 0 0 0 0 0 0 0 1
28B Jun-10 0 0 1 1 0 0 0 4
28C Jun-10 0 0 2 1 0 0 0 5
30A Aug-10 0 0 3 13 0 0 0 1
30B Aug-10 0 0 0 0 0 0 0 1
30C Aug-10 0 0 0 0 0 0 0 0
33A Aug-10 0 0 0 0 0 0 0 0
33B Aug-10 0 0 0 0 0 0 0 0
33C Aug-10 2 2 0 1 11 0 0 1
34A Aug-10 0 0 0 0 0 0 0 0
34B Aug-10 0 0 1 0 0 0 0 14
34C Aug-10 0 0 0 0 0 0 0 3
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (December 2010 and May 2011), continued. 
 
Sample # Sample Date SR1 Chrysiogenetes OD1 OP10 BRC1 Fibrobacteres OP11 UnclassifiedTM7
53A Dec-10 0 0 0 23 6 0 0 22
53B Dec-10 0 0 0 2 1 0 0 18
53C Dec-10 0 0 0 8 1 0 0 0
54A Dec-10 0 0 0 1 1 0 0 6
54B Dec-10 0 0 0 17 1 0 0 17
54C Dec-10 0 0 1 7 2 0 0 1
48A Dec-10 0 0 0 33 0 0 0 22
48B Dec-10 0 1 3 0 0 0 0 2
48C Dec-10 1 0 0 1 0 0 0 0
49A Dec-10 1 0 0 1 2 7 0 18
49B Dec-10 0 0 1 0 0 0 1 11
49C Dec-10 1 1 1 0 1 0 0 14
50A Dec-10 0 0 0 0 1 0 0 5
50B Dec-10 0 0 1 0 0 0 0 1
50C Dec-10 0 0 1 0 1 0 0 13
51A Dec-10 0 0 0 0 0 0 0 7
51B Dec-10 0 0 1 0 0 0 0 1
52A Dec-10 0 0 4 81 0 0 0 34
58A May-11 0 0 0 13 0 0 0 2
58B May-11 0 0 1 1 5 0 0 28
58C May-11 0 0 0 4 1 0 0 7
59A May-11 0 0 0 3 1 0 0 2
59B May-11 0 0 0 4 0 1 0 5
59C May-11 0 0 2 9 0 9 1 14
60A May-11 0 0 0 1 0 0 0 12
60B May-11 0 0 0 2 0 0 0 5
60C May-11 0 0 0 3 1 1 4 0
62A May-11 2 0 0 0 0 0 0 0
62B May-11 0 0 7 0 0 0 0 3
62C May-11 0 1 4 0 0 0 0 4
63A May-11 0 0 0 0 0 0 0 0
63B May-11 3 0 1 0 2 0 0 0
63C May-11 0 0 0 0 1 0 0 1
64A May-11 3 0 1 0 0 0 0 0
64B May-11 0 0 2 0 0 0 0 0
64C May-11 0 0 1 0 0 0 0 3
65A May-11 0 0 0 0 0 0 0 11
65B May-11 0 0 4 2 3 0 0 533
65C May-11 0 0 0 10 1 0 0 67
67A May-11 0 1 1 0 1 0 0 3
67B May-11 0 2 0 1 0 0 0 4
67C May-11 0 0 2 0 3 0 0 2
68A May-11 0 2 2 0 0 0 0 0
68B May-11 0 0 0 0 1 0 0 1
68T May-11 0 0 0 0 0 0 0 1
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (May, June, and August 2010), continued. 
 
Sample # Sample Date UnclassifiedWS3 UnclassifiedOD1 UnclassifiedSR1 UnclassifiedOP10 UnclassifiedOP11 Unclassified-BRC1 Total
3_Composite May-10 0 0 0 0 0 0 6230
6_Composite May-10 0 0 0 0 0 0 3787
7_Composite May-10 0 0 0 0 0 0 2847
23A Jun-10 0 5 0 33 0 8 4949
23B Jun-10 0 5 0 8 0 1 3543
23C Jun-10 0 3 0 13 0 0 5113
24A Jun-10 0 4 0 1 0 2 2596
24B Jun-10 0 3 0 0 0 0 4210
24C Jun-10 10 1 0 5 0 1 5135
25A Jun-10 22 0 0 6 0 0 5828
25B Jun-10 2 0 0 1 0 1 5220
25C Jun-10 1 1 0 2 0 1 1292
26A Jun-10 21 2 0 2 0 0 7745
26B Jun-10 0 0 0 0 0 0 5184
26C Jun-10 10 0 0 2 0 1 9548
27A Jun-10 40 0 0 26 0 3 6845
27B Jun-10 0 0 0 0 0 1 1137
27C Jun-10 1 0 0 0 0 0 1249
28A Jun-10 1 0 0 0 0 0 5455
28B Jun-10 10 1 0 1 0 0 7639
28C Jun-10 0 2 0 1 0 0 8618
30A Aug-10 39 3 0 13 0 0 7526
30B Aug-10 17 0 0 0 0 0 2805
30C Aug-10 0 0 0 0 0 0 2711
33A Aug-10 2 0 0 0 0 0 7273
33B Aug-10 0 0 0 0 0 0 4598
33C Aug-10 26 0 2 1 0 11 5038
34A Aug-10 0 0 0 0 0 0 3386
34B Aug-10 11 1 0 0 0 0 4690
34C Aug-10 2 0 0 0 0 0 3761
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Table B4: Summary of taxonomic affiliations, Dauphin Island, (December 2010 and May 2011), continued. 
Sample # Sample Date UnclassifiedWS3 UnclassifiedOD1 UnclassifiedSR1 UnclassifiedOP10 UnclassifiedOP11 Unclassified-BRC1 Total
53A Dec-10 0 0 0 23 0 6 5060
53B Dec-10 0 0 0 2 0 1 1733
53C Dec-10 4 0 0 8 0 1 2099
54A Dec-10 0 0 0 1 0 1 2330
54B Dec-10 3 0 0 17 0 1 1788
54C Dec-10 30 1 0 7 0 2 4111
48A Dec-10 12 0 0 33 0 0 9955
48B Dec-10 1 3 0 0 0 0 5685
48C Dec-10 6 0 1 1 0 0 2692
49A Dec-10 5 0 1 1 0 2 5150
49B Dec-10 5 1 0 0 1 0 4899
49C Dec-10 14 1 1 0 0 1 8985
50A Dec-10 7 0 0 0 0 1 3939
50B Dec-10 1 1 0 0 0 0 6462
50C Dec-10 4 1 0 0 0 1 4801
51A Dec-10 10 0 0 0 0 0 6298
51B Dec-10 2 1 0 0 0 0 2830
52A Dec-10 0 4 0 81 0 0 8650
58A May-11 3 0 0 13 0 0 4452
58B May-11 0 1 0 1 0 5 4188
58C May-11 0 0 0 4 0 1 4709
59A May-11 1 0 0 3 0 1 3645
59B May-11 39 0 0 4 0 0 4749
59C May-11 12 2 0 9 1 0 5115
60A May-11 3 0 0 1 0 0 4831
60B May-11 63 0 0 2 0 0 5276
60C May-11 10 0 0 3 4 1 4918
62A May-11 0 0 2 0 0 0 5446
62B May-11 15 7 0 0 0 0 4143
62C May-11 10 4 0 0 0 0 4302
63A May-11 0 0 0 0 0 0 4248
63B May-11 0 1 3 0 0 2 4766
63C May-11 0 0 0 0 0 1 3746
64A May-11 0 1 3 0 0 0 7565
64B May-11 3 2 0 0 0 0 4611
64C May-11 4 1 0 0 0 0 4057
65A May-11 0 0 0 0 0 0 6811
65B May-11 8 4 0 2 0 3 7726
65C May-11 6 0 0 10 0 1 5193
67A May-11 8 1 0 0 0 1 5627
67B May-11 4 0 0 1 0 0 6605
67C May-11 4 2 0 0 0 3 5480
68A May-11 11 2 0 0 0 0 5426
68B May-11 7 0 0 0 0 1 5298
68T May-11 10 0 0 0 0 0 5665
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